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A B S T R A C T
"Impact Evaluation of Agricultural Training upon Information Diusion and Technology
Adoption: Evidence from a Randomized Field Experiment in Indonesia"
Technology has long been seen as a major contributor to economic develop-
ment, but permeating technology in the developing nations has been a continu-
ous challenge. Majority of livelihood in the developing nations depend on agriculture
and live in the rural area. Formal educational institutions are deemed lacking to push
technology to the end user, and informal institutions can oset this lack in the rural area
where majority of the people live. In this dissertation, I explore three dierent set-ups
using empirical framework to better understand how technology diuses and adopted
in the rural area by carrying out a randomized eld experiment of institutionalized agri-
cultural training in Indonesia. Building on a 3-years panel dataset, I examine how the
interplay between formal extension services and informal rural social network can bet-
ter explain the technology transfer and adoption in the rural area.
Agricultural information are transferred through social interactions, so ties
to agricultural informants and network structures within farmers’ local neigh-
borhood determine farmers’ ability for information gathering mechanism. The
role of various network ties is examined, including friendship network and advice net-
work, upon farmers’ knowledge gathering ability during formal training. Although the
numbers of ties are important for knowledge gathering process, they do not necessar-
ily result in better quality of information acquired, as friendship network in fact hurts
productivity. Further examination explores how farmers’ position in their local network
structures inuences their information processing skill. Farmers who occupy a central
position in their network structures in their local neighborhood are found to perform
better in learning outcomes, indicating that one’s position in their local network deter-
mines their ability in facilitating problem-solving activities in an unknown environment
outside their locale.
Agricultural training in general helps disseminate agricultural technology but
training carried out inmost remote place is found to drive adoption due to signif-
icantly strengthened social network. Training is administered in varying locations
(in farmers’ hometown and in remote locations comprise intra-island and inter-island
locations) to investigate the eect of both locations and social learning on agricultural
technology diusion and adoption. Identical training content is given regardless of loca-
tion. Training, regardless of location, is found to improve farmers’ knowledge regarding
agricultural technology, but only training held in an inter-island location signicantly
spurs the adoption of water-conservation techniques. Farmers trained in an inter-island
location tend to communicate more frequently with their peers and experts upon return-
ing from training, which induces their propensity to adopt the technology.
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Institutionalized agricultural training also has a profound impact in stabiliz-
ing farm income of training participants who belong to below-median farm-
income category. Agroforestry has long been regarded as a means for income smooth-
ing for poorer household. After the training, training participants in general reduce plant
diversication as they may nd it inconsistent with their farm management strategy.
However, relative to the non-poor, poorer farmers tend to diversify more or keep their
number of crops. Training participants in general are also well-informed regarding the
economic and environmental benets of agroforestry, with poorer farmers being more
aware on its economic merits and richer farmers being more informed on its environ-
mental benets. Upon returning from the training, the poor is also found to increase the
depth and size of social network with their agricultural informants. Impact evaluation
assessments also show that crop diversication is negatively associated with income vul-
nerabilities, indicating the program’s relevance for poverty eradication strategy.
Overall, this dissertation found that formal institutions, in the form of institu-
tionalized training, and informal institutions in the form of rural social network
equally complement and play important role for technology advancement in the
rural area. Training serves as an eective measure to disseminate agricultural informa-
tion, and rural social network helps to push technology adoption due to the increased
social learning eects. Future agricultural training should put more emphasis on knowl-
edge facilitation which enabling information diusion process amongst participants and
consider the potential spillover to non-training participants upon the completion of the
training. Future agricultural extension policy should extend the approach to consider the
interplay between formal institutions such as extension systems and informal institutions
such as rural social network for better development outcomes.
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1
D I S S E R TAT I O N O V E R V I E W
1.1 background
Technology has long been seen as a major contributor to economic development. At
the macro level, some inuential studies have drawn models showing that the inde-
nite investment in human capital had spillover eect on driving growth and productivity
(Romer, 1986, 1989). Lall (2000) postulated that economic development is as an evolution-
ary process with technological learning at its core, citing standard neoclassical economics
as inadequate in explaining the theory of the key processes and institutions involved in
the progress of development. Departing from this theory, Nelson (2008) argues that long-
run economic change involves the co-evolution of knowledge and technologies in use
and the institutional structures supporting and regulating these. The basic challenge in
the process of development for a region is to learn new ways of achieving things. In this
context, developing countries have lagged not just economically and socially, but also
technologically. Eorts to facilitate technology penetration into developing countries are
likely to help bridge the information barrier between developed and developing regions.
However, compare to those of developed nations, pushing new technologies in develop-
ing nations is far more challenging and complex. Formal educational institutions in the
developing nations are faced by challenges of huge demand but less supply to respond to
the needs of the people. Informal institutions, on the other hand, can oset the areas in
which the formal educations are lacking, especially in the rural area where majority of
the people live.
As majority of livelihood in developing countries belong to agriculture sectors and
live in the rural area, technological inclusion for rural people plays important role to en-
hance their capability to evaluate new knowledge, assimilate it, and put it into their ends
(known as absorptive capacity). Absorptive capacity is largely a function of prior related
knowledge of economic agents or system (Cohen and Levinthal, 1990). Improving their
absorptive capacity may thereby increase their ability to participate in more economic
activities. Technology allows rural people to get more access to knowledge and resources
and that will help them to gain more economic benets. Eventually technology can facil-
itate the acceleration of farmer education, develop agricultural labor skills, and contin-
uously enhance the learning process for all farmers, thus increasing their earnings and
professional capacities.
Improving agricultural productivity and quality requires a functioning mechanism of
technology generation and transfer, as well as a means to implement these technologies.
Various agricultural information and knowledge in the developing nations are mostly
transmitted through extension service –that is an institutionalized top-down approach
led by the government, usually the ministry of agriculture, to advance technology usage
thus increasing productivity. Extension services serve as the proper institutional system
to deliver these information pertains to agriculture to farmers. Extension services provide
farmers with access to relevant advice and appropriate incentives to adopt and continu-
ously use new technologies given that they suit farmers’ socio-economic and agronomic
situations. Evaluating the impacts of extension involves measuring the relations between
1
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extensions and farmers’ knowledge, adoption of better practices, and use of inputs; farm
productivity and protability; and related improvements in farmers’ welfare (Anderson
and Feder, 2004).
Farmers may get information from various sources including public and private insti-
tutions, but extension is found to have greater impact on its early stages of dissemination
of a new technology. Eventually as more farmers become aware of new technology, the
impact of extension diminishes (Byerlee, 1998). From this stage onwards, informal in-
stitutions consisting of various agrarian actors play important roles to push technology
adoption for non-adopters, amongst them are neighbors and peers through social inter-
actions.
Informal interpersonal networks play a critical role in the knowledge-transfer process;
and social learning amongst relatives and neighbors served as an important tool to facil-
itate knowledge dissemination in the rural area (Conley and Udry, 2010; Munshi, 2004).
Diusion is more likely to occur in close proximity rather than places farther away from
each other (Backstrom et al., 2010). However, in the dense networks within close proxim-
ities such as those in rural areas, people tend to share common characteristics in social
background, such as similar beliefs, values and education (Monroe et al., 2014). There is
not much new information circulating amongst people coming from similar social back-
grounds. In order to bring advancements to societies with dense networks, agents of
knowledge-diusion are required. To hasten the diusion processes amongst the com-
munity members, agents should come from the community. Training or other form of
knowledge promotion is required to elevate the technology level for the people coming
from dense network community.
This dissertation aims to explore the combination of eects on how agricultural train-
ing and the interplay of the role of both extension services (as formal institutions), and
neighbors and peers (as informal institutions) can help explaining the mechanism of tech-
nology diusion and adoption in the rural area.
1.2 objective
This dissertation responds to the need to understand the mechanism of agricultural tech-
nology diusion and adoption in the rural area, using a randomized experimental method.
I combine approaches of agricultural extension and social network analysis, and partic-
ularly look at the impact of a social experiment of exposing farmers to institutionalized
training on agricultural technology diusion and adoption. I am interested to look at
how dierent exposure in dierent training environment can inuence farmers’ social
network which will eventually result in attitude changes in their current agricultural
practices. I argue that while training content is an utmost important in educating farm-
ers’ on better farming practices, learning environment during the training as well as
social interactions are also equally important on pushing motivation and enthusiasm to
enable them to adopt better agricultural techniques.
To serve the purpose, I experiment with the recreational activities embedded in the dif-
ferent training locations as a stimulus for motivating the farmers upon returning from the
training. I carried out agricultural training in three dierent locations, namely in their
hometown, in the same province but dierent district (intra-island), and in the neigh-
boring and more-developed island (inter-island) to gauge the network eects, which will
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eventually inuence farmers to obtain new knowledge and implement better agricultural
practices in their farmland.
Current literatures on agricultural technology diusion and adoption are replete with
theories that try to explain why people adopt technology or not, how technological in-
novations diuse in a social system, and factors that facilitate or impede their implemen-
tation. These theories and models range from general forms to more specic ones.
In addition, numerous research studies have also been conducted empirically that have
drawn from such theories as bases. This dissertation adds three methodological contribu-
tions to the existing literature as followed:
First, training participation is randomized to allow rigorous analysis on the
training impacts. There are not many existing literatures which provide proper ran-
domization on study pertains to agricultural training, as mostly were done through vol-
untary participations, in addition to the absence of panel data in consistent time period. I
conduct a randomized controlled trial and post-evaluation study that spans across three
years of research period. This dissertation serves as an extension of social experiment
study of agricultural extension.
Second, I administer the training in varying locations to see how both learn-
ing and network eects dier across locations. To my knowledge, this is the rst
that this study is ever conducted using both social network analysis and econometrics
approach. Other similar studies with recreational activities embedded into the training
program do not use a randomized experiment approach to support the ndings but in-
stead exploratory and qualitative studies.
Third, this study also oers insights on how benets of certain agricultural
practices are perceived across dierent income groups and how they can reduce
income vulnerabilities. While many studies have found positive associations between
technology adoption and farm productivity, poverty reduction is rarely examined as it
was assumed to follow. This dissertation shows that technology can improve productiv-
ity and reduce income vulnerability within medium-term post training, particularly for
lower-income farmers.
1.3 motivation of the dissertation
Impact assessment of formal extension services cite its weaknesses on accountability,
being cost-intensive, as well as diculty in attributing its impact on farmers’ farm ad-
vancement such as welfare and income smoothing. Moreover, in most government’s
intervention program, selected target farmers are not the representative of the whole
agrarian community, making impact evaluation studies dicult to measure in the whole
population-level. Current critics to formal extension services calls for the urge to estimate
the eects of formal extension using quasi-experimental approach; to carefully identify
and isolate the impacts altogether with its consequences on farmers’ livelihood.
Informal institutions, in the form of social learning with neighbors and peers can com-
plement and balance the inadequacy of formal extensions services. Farmers who lack the
means of accessing formal extension services can rely on their social networks within
their neighborhood and obtain new knowledge and advances regarding farming prac-
tices from their agricultural informants within their village vicinity. However, these ap-
proaches too, are dicult to estimate quantitatively, as measuring informal networks
require further examination on farmers’ communication patterns, their structural posi-
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tion in their neighborhood, as well as individual characteristics. Presently, most studies
are carried out in qualitative manners hence are dicult to precisely estimate its impact.
Informal networks, are also heavily inuenced by many random eects, resulting in the
need to employ panel analysis to capture its eects.
This dissertation attempts to ll the current gap in the existing literatures of both
formal and informal institutions in pushing agricultural knowledge dissemination and
adoption. In this research, I incorporate both approaches of formal and informal institu-
tions in advancing farmers’ rural innovation system and welfare, in one body of research.
To serve the purpose, I carried out formal agricultural training for the randomly selected
farmers, and examine how it aects information transmission and technology adoption
in the rural area. At the same time, I also evaluate further the role of informal networks
in supporting information disseminations within the network.
The dierentiations with the current literatures are threefold:
1. Training participation is randomized to allow for a rigorous analyses of train-
ing impacts.
Contrary to the existing social interventions that tend to select particular contact farmers
to undertake training programs, this research selects the participants by randomization to
take accounts the representation of the whole farming population. This approach enables
the impact assessment to be measured quantitatively in consideration of the persisting
random eects that could simultaneously aect the diusion and adoption of agricultural
technology.
2. Institutionalized formal training is carried out to examine the eects of for-
mal extension on farmers’ agricultural advancement
Variation of the extension services coverages across community and village exists. As ex-
tension ocials hold dual position as civil servant and agricultural informant at the same
time, variation in the dissemination of information may be present in the rural area. Some
extension ocials may be able to juggle both roles equally while some others may not,
especially when accountability of such tasks are rarely reported in periodical basis. Con-
sidering these facts, agricultural training is deemed suitable to be undertaken for farmers,
particularly when no farmers in the district have never been exposed to institutionalized
training.
3. Various informal network is examined as a proxy for informal institutions in
helping the diusion and adoption of agricultural technology
In many researches, informal network is found to be the catalyst of information diusion
and adoption, and serves to complement the role of formal institutions in the rural area.
However, such roles in its entirety (including communication patterns and network’s
structural position) are rarely examined in tandem with the role of formal institutions.
This research takes the network aspects into dierent levels by incorporating the panel
analysis in various social learning context to examine its importance in complementing
formal institutions.
This whole dissertation chapters hypothesize that at the beginning, formal institutions
in the form of agricultural training is important to enhance farmers’ ex-ante knowledge
regarding agricultural practices. However, for a technology to be fully practised in their
farmland, farmers need encouragement from many parties, who, amongst them, are their
informal rural network. Even though knowledge is a pre-requisite for adoption, adoption
takes an entirely dierent measure to be fully embraced, which is where the informal
network takes function.
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1.4 chapters outline
This dissertation consists of eight chapters in overall. Chapter 1– Dissertation Overview,
contains introduction to the work – and Chapter 2 – Literature Review outlines past stud-
ies and literature review revolving around the mixed impact of extension service, which
consists of both agricultural training and extension.
The main body of the dissertation comes in Chapter 3 to Chapter 6 with the following
details: Chapter 3– Study Context, Social Experiment, and Data Collection, Chapter 4– Ef-
fects of Network on Knowledge Acquisition: Lessons from Agricultural Training in Rural
Indonesia, Chapter 5– Eects of Varying Training Locations on Agricultural Technology
Diusion, Adoption, and Social Network, and Chapter 6– Reducing Agricultural Income
Vulnerabilities through Agroforestry Training: Experience from Poorer Households.
In Chapter 3, I outline the details of the study area and social experiments. In Chapter
4, I examine farmers’ various social network and their network position within their lo-
cal community and see their eects upon knowledge-acquisition process during agricul-
tural training. In Chapter 5, I provide the evidence of the role of institutionalized training
in strengthening farmers’ network, which is eventually propelling farmers’ technology
adoption. In Chapter 6, I examine the eectiveness of institutionalized agricultural train-
ing in promoting agroforestry to reduce income vulnerabilities. Here I distinguished be-
tween poorer and higher income farmers to see agroforestry system’s relevance to the
poor, their ability to adopt, and the ultimate economic outcomes of adoption.
Finally the last part concludes with Chapter 7 which consists of summary of ndings,
limitation of this study, and policy recommendations.

2
L I T E R AT U R E R E V I E W
This dissertation combines literatures of formal and informal agricultural sources of in-
formation, namely agricultural extension services and rural social network; as well as
reviews past studies regarding technology adoption, to help build foundations for the
three main arguments in Chapter IV to VI. This chapter explores important literatures
capturing both theoretical and empirical platforms of extension, network, and technology
adoption.
2.1 formal sources: agricultural extension.
2.1.1 Technology Adoption in the Context of Developing Countries
Developing countries are characterized by high birth rates, poverty, and relatively high
reliance on more-developed countries (Perkins, 2003). Education has been seen as the best
way to solve these problems, as investment in human capital has been associated with eco-
nomic growth (Nelson and Phelps, 1966; Benhabib and Spiegel, 2005). Developing nations
are struggling to get their people out of poverty, but at the same time, these countries
are facing immense problems in areas of education and training (Arias and Clark, 2004).
The challenge of income vulnerabilities, as well as population growth which aggravate
resources scarcity; has made the world placing a lot of pressure on training and educa-
tional demands altogether with infrastructures in the developing countries. Promoting
economic development has always been seen in conjunction with increasing access to
knowledge base at the technological frontier, but bridging the technological divide has
been an uphill task1.
Technology has been viewed as an agent of change in developed as well as developing
countries. Early works regarding agricultural adoption in developing countries are pio-
neered by Griliches (1960) who studied the diusion of hybrid corn in the United States
using econometrics modeling. The theoretical and empirical works that are proliferated
assumed that farmers behave as prot maximizers and considered the heterogeneity of
attributes resource endowments among individual as the key determinants of diusion
patterns because of its eects on the utility of adoption for individuals (Feder et al., 1985;
Sunding and Zilberman, 2001).
Agriculture production success is not only linked to the proper agricultural system and
technological innovations, but also the right uses of agricultural information which will
greatly help to boost the agricultural production. Presently, agricultural technology per-
meation in the developing countries expands its focus to address the sustainability issues
in addition to improving productivity and welfare. The Food and Agriculture Organi-
zation (FAO) of the United Nations formulates ve attributes of sustainable agriculture
(SA), namely: to have features of resource conserving (of land, water, plant, and genetic
resources), environmentally non-degrading, technically appropriate, and economically
1 Science, technology and innovation for sustainable development in the global partnership for development
beyond 2015 http://www.un.org/en/development/desa/policy/untaskteam_undf/thinkpieces/28_thinkpiece_science.pdf
last accessed 2015/12/18
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and socially acceptable (Lee, 2005). To meet these objectives, technology promotion in
the developing countries should also consider the environmental eects in the longer
term, while at the same time also put utmost emphasis on the welfare and productivity
of the people on a continuous basis.
2.1.2 Overview of Extension Service
Improving the quality of life of the farmers in the developing countries has been an im-
portant issue faced by extensive stakeholders ranging from the local government, NGOs,
researchers and the farmers themselves. To acquire better farming practices which will
eventually lead into shared prosperity, major advances in agricultural technologies have
to be eectively disseminated to the farmers (Isaac, 2007). Technology helps rural peo-
ple to obtain more access to knowledge and resources that will lead to more economic
benets. Successful knowledge that can be translated from laboratory to farmland can
improve farm eciency and productivity; transforming the farm practices into a more
productive one. However, knowledge dissemination has largely become a huge challenge,
as communicating advancement to primarily low-educated farmers is problematic in na-
ture.
Several studies have particularly highlight the means of knowledge dissemination to
the farmers in developing countries, especially notable is through extension system (Hus-
sain et al., 1994; Ejembi et al., 2006). According to Anderson (2007), agricultural extension
and advisory services are dened as "the entire set of organizations that support and facil-
itate people engaged in agricultural production to solve problems and to obtain informa-
tion, skills and technologies to improve their livelihoods". Agricultural extension serves
as a means to facilitate knowledge transfer, from global knowledge base and from local
research center to farmers, enabling farmers to clarify their own goals and possibilities
and educating them various ways to make better decisions and stimulating desirable agri-
cultural development (van den Ban and Hawkins, 1996). Extension service plays pivotal
role to improve rural human capital that can eventually culminate in the improvement
of rural welfare (Feder et al., 1985; Roberts, 1989; Jarrett, 1985).
In developing countries where more than 90% of the world’s nearly 1 million extension
personnel are located (Bahal, 2004; Anderson and Feder, 2004) the importance of invest-
ment in extension services to improve farm productivity and increase farmers’ welfare
has been deemed very crucial. A recent meta-analysis of 289 studies of economic returns
to agricultural research and extension found that the social rate of return to investments
in agricultural R&D has been generally high (Alston, 2010), while mixed results have
been reported by Evenson (1997) meta-analysis of 57 studies, that impacts vary widely.
In African countries, extension systems are regarded as failing and outdated (Malawi
and Services, 2000; Eicher, 2001). A more pessimistic view comes from Rivera et al. (2002)
who cited extension systems as "failing" and "barely functioning at all" especially in low-
income developing countries.
2.1.3 Approaches in Extension
Recently, newer approaches on agricultural extension were introduced. These new mod-
els reect eorts to oset the weaknesses that the traditional extension possesses. Im-
provements such as the frequency of visits, span of controls, amount of information dis-
2.1 formal sources: agricultural extension. 9
seminated, as well as farmers’ bottom-up participations have been incorporated. These
new approaches are:
1. Training and Visit Extension
The Training and Visit (T&V) extension was initially started in 1975 in more than 70
countries by the World Bank (Umali-Deininger and Schwartz, 1994). The system involves
many levels of eld stas, with a single line of command. Specialists were employed to
train eld-stas and to act as troubleshooters for reports by the eld stas. The system
places the importance to assure technical knowledge dissemination by conducting a peri-
odical visit to the village in every two weeks cycle. A selected "contact farmer" is assigned
to act as the main contact person for information dissemination in the village. This "con-
tact farmer" will then help to spread the new knowledge to their neighborhood. Extension
personnel are also exposed to many mandatory training and extra remuneration to do
monitoring and evaluation in the village.
While the system is seen as an improved version of the traditional extension, it has
created weaknesses in terms of cost, monitoring, and accountability. The system pos-
sesses heavy reliance to the selected "contact farmers", so when these "contact farmers"
are unavailable and they are often replaced by other farmers, information diusion be-
comes problematic due to unidentiable contact farmers. Furthermore, the biweekly visit
schedule is deemed too intense, as farmers begin to lose interest by frequent checks and
extension workers have less and less information to pass on to the farmers. Aside from
the results accountability that remained unmonitored, the method is also considered very
costly due to the smaller farmers to extension workers ratio that requires mobilization of
numerous extension personnel (Feder and Slade, 1993; Antholt, 1994).
Feder and Slade (1993) mention positive implications of T&V extension in India on
yield, 3 years after the project begun. However, studies in Pakistan (Hussain et al., 1994)
and Kenya (Gautam, 2000) report no signicant eects in the longer time period.
2. Farmer Field School
Farmer Field School (FFS) is initially started as a program to teach farmers regarding
integrated pest management in Indonesia (Feder et al., 2004) and Vietnam (Pincus, 1999;
van de Fliert et al., 2007), but has been introduced in 78 countries ever since (Van den
Berg and Jiggins, 2007). The FFS method uses the participatory approach to encourage
farmers’ own experimentation and problem solving. FFS typically educates farmers in
terms of agro-ecosystem analysis using both technical and practical approaches to farm-
ing. FFS lasts in one to two seasons, and enables farmers to graduate with a new skill.
During the school term, eld school participants are expected to be "self-teaching exper-
imenters, and eective trainers of farmers and extension workers" (Wiebers, 1993). The
program usually spans in 9 to 12 half-day sessions of hands-on farmer experimentation
and informal training to a group of 20 to 25 farmers during a single crop-growing sea-
son. FFS was initially led by paid trainers in village-level. Farmers learn from each other
through group interactions, enabling them to hone their skills on decision-making, as
well as leadership and management skill (Fliert, 1993). Selected participating farmers are
chosen to receive additional training that qualies them as farmer trainers, with ocial
backup support, such as training materials.
10 literature review
A meta-analysis of FFS is done by van den Berg (2004) who explored a synthesis of 25
evaluation studies on FFS focusing on integrated pest management. The study reported
that although considerable reductions in pesticide use and increase in yields are found,
the methodologies of these studies vary, indicating the complexity of estimating the im-
pact of such interventions. These studies reviewed were either having limited scope albeit
with statistical rigor or comprehensive but limited coverage.
Even though evidence on the impact related to pesticide reduction, increases in pro-
ductivity, and knowledge gain among farmers (Praneetvatakul and Waibel, 2003; Rola
et al., 2002) and empowerment (Züger Cáceres, 2004) are found, some studies conrmed
that FFS have limited or no eect on economic performance, the environment and health
and farmer-to-farmer dissemination of information and technologies (Feder et al., 2004;
Quizon et al., 2001). The diusion eect of FFSs is also debatable with several studies
showing little diusion of knowledge from FFS to non-FFS participants (Rola et al., 2002).
The causes of these are presumably because the training content is dicult to transmit
in casual and non-structured communications. The challenge with FFS is the nancial
sustainability as the intense training program is expensive per farmers trained. Cost is-
sue can be mitigated if farmer trainers were to become the main trainers with signicant
community funding and if informal farmer-to-farmer communication were used to facil-
itate knowledge diusion. These mixed reviews highlight the need to rethink about both
the curriculum and training approach.
2.2 informal sources: rural social network
Although formal sources of information have been introduced to guide and advise farm-
ers regarding pertinent farming practices, previous studies have conrmed that little of
this information reaches the desired recipients, and selected target farmers are not repre-
sentative of the whole agrarian community (Boahene et al., 1999). Feder et al. (2001) raise
critics on how current extension services are being managed, notably highlighting the
diculty of attributing the impact of extension on farm productivity, its weak account-
ability, political commitment and support, as well as scal sustainability issues. Extension
services usually employ large number of local government ocials at the district or ru-
ral level, and their duties are often overlapped with many other public servant functions
such as paperwork and collecting statistics instead of assigning more time for advising
farmers (Feder and Slade, 1993; Purcell and Anderson, 1997).
In addition, Feder et al. (2001) argued that many factors may possibly aect the perfor-
mance of agriculture hence it is dicult to attribute specic impacts at the farm level to
extension services. Impact of extension should be measured extensively, taking account
the relations between extension and farmers’ individual characteristics, knowledge, adop-
tion of technology, the use of inputs, as well as productivity and improvement in farmers’
socio-economic aspects. What makes things even more complicated is that farmers’ de-
cision is inuenced by many other systematic and random eects, such as (prices, credit
constraints, weather, other sources of information), hence, measuring the impact of ex-
tension services require careful use of econometric and quasi-experimental approach.
Information and knowledge are the prerequisites of technology adoption in the rural
area; therefore, information dissemination is an important feature to propel adoption. To
balance this lack of information from formal sources, other types of informal sources of
information are created and exist within farming communities (Mortimore and Adams,
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2001; Campbell, 2005). Farmers who have limitations to access information from formal
sources can obtain knowledge within their social network (Boahene et al., 1999; Lyon,
2003). The study on information spread across social groups overtime, called the "diu-
sion of innovations", is one of the most-studied phenomena and ranged across disciplines,
from geography and sociology to economics (Mahajan and Peterson, 1985).
Rogers (2003) denes diusion as the process by which an innovation is communi-
cated through certain channels overtime amongst members of a social system. Granovet-
ter (1973) posits that information relating to new knowledge is embedded in these social
network and may only be apparent in the context of interactions and relationships. Farm-
ers’ social learning regarding agricultural practices rely heavily on social relationships in
the larger farming community and informal network structures (Foster and Rosenzweig,
1995; Conley and Udry, 2001; Davidson-Hunt, 2006; Kiptot et al., 2006; Monge et al., 2008).
These information ows transmitted amongst individual are strongly related to their so-
cial environment, the network of their contacts, and their status within that network
(Feder and Savastano, 2006).
To date, only few researches addresses the structure of farmers’ communication patters,
especially in advice network structure, to identify the role of structural positions and the
consequences (see Isaac, 2007, for the case of cocoa agroforestry system in Ghana). Stud-
ies pertain to informal learning amongst farmers are mostly explained in non-econometrical
methods, as sociological, anthropological, or educational aspects of learning are dicult
to capture in quantitative manners. While the availability of panel data and the employ-
ment of quasi-experimental approach are important to establish causality and isolate the
eects, such studies are currently lacking in the existing literatures.
2.2.1 Social Learning
Studies of diusion of innovations that particularly focus on social learning started to
gain attention after Ryan and Gross (1943) published an economics study about farm-
ers’ communication patterns that result in the switch of hybrid-corn seeds in the United
States. Early works that focus on identifying key factors regarding adoption decision, put
emphasis on sociopsychological factors determining individual adoption, such as person-
ality, education, and economic status (Hildebrand and Partenheimer, 1958), the eects
of farmers’ perception regarding the attributes of innovations on adoption (Fliegel and
Kivlin, 1966), and other signicant factors such as belonging to certain neighborhood,
given the social inuence exerted by group values and norms (van den Ban and Willem,
1960; Flinn, 1970).
Insights and ndings obtained from these early studies converged in the late 1960s with
advances in diusion studies conducted by (1) communication scholars, who stressed
the role of a social interaction in shaping the process (Czepiel, 1974), and (2) medical
sociology experts who recognized social cohesion as a key determinant of the diusion
of new prescription drugs among physicians (Menzel and Katz, 1955; Coleman et al., 1957).
As a result, studies on diusion of innovations advanced toward a relational perspective
that emphasizes the eects of sociostructural factors, explaining diusion not only on
the basis of individual attributes but also according to the relationships among various
actors involved in the process (Lionberger and Copus, 1972).
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2.2.2 Homophily and Heterophily
Rogers Everett (1995) utilizes the terms homophily and heterophily to help explain the
information transfer from one individual to another. Homophily is "the degree to which
two or more individuals who interact are similar in certain attributes, such as beliefs, ed-
ucation, social status, and the likes". The interpersonal channels of any diusion process
are intertwined to the social system through which an innovation diuses. People who
belong the same groups such as in age, occupation, education, social-class, religion, race
and ethnicity, and share similar interests are said to be homophilous (McPherson et al.,
2001). When individuals share the same set of beliefs and are similar in some respects,
they are more likely to form positive attitudes towards each other hence adopting a new
idea more easily (Rogers, 2003). He also postulates that innovation diusions mostly in-
volve other individuals that are heterophilous. Innovations largely spread from an area
of high concentration (i.e. agents of change) to that of low concentration (i.e. clients);
unfortunately, these two dierent actors may come from dierent background or beliefs,
making communication dicult to make. Even if they talk the same language and commu-
nication can be initiated, social barriers may exist that prevent them to intensely interact.
Unfortunately, dierences in aspects such as education, occupation, and social status are
common indication of heterophily.
Departing from this premise, several studies to explore how dierent structural charac-
teristics of social networks aect natural resource management. Homophilous network
has the potential to hinder innovation by 1) cutting o actors from needed information,
and 2) imposing social norms that discourage innovation. Heterophilous network allows
actors to access outside information and overcome social norms with support from out-
side the local network, in addition to increasing access to diverse forms of other cap-
ital. Because heterophily brings in new and potentially novel information; homophily
provides the group resilience needed to absorb the benets of heterophily; the two cap-
itals are complementary. Mathijs (2003) shows that farmers who are more open to both
professional and non-professional contacts, are more likely to adopt government’s pro-
moted agricultural-environment scheme. When the degree of homophily is high, espe-
cially in the rural area (particularly the village-level) where people belong to the same
socio-economic characteristics live together, there is a need to expose them to new agents
of change in order to bring innovations in the locale.
2.2.3 Factors Aecting the Decision to Adopt Technologies
The decision to adopt a new technology at one point of time is not merely about the
choice of adopting versus non-adopting, but also adopting now or deferring the decision
until later (Hall and Khan, 2003). It is important to look at the choices on this way due
to the basis of cost-benet. Cost variables are related to monetary and non-monetary
expenses. The benets from adopting a technology can be received throughout the life of
the acquired innovation, while the costs, especially those of the non-monetary "learning"
type, are typically incurred at the time of adoption and cannot be recovered. When using
a technology, some on-going fees may be incurred; but they are typically less than the full
initial cost. Therefore, before adopting a technology, a potential adopter may weigh the
xed costs of adoption against the benets he expects; but after adopting, these xed costs
2.2 informal sources: rural social network 13
are irrelevant because a great provision of them cannot be recovered and have already
been considered as sunk cost. According to (Hall and Khan, 2003), these imply two things:
First, adoption, by nature, is usually a state that once entered, cannot be left. There are
rarely any new technologies being abandoned in favor of an old one. This is because the
decision to adopt faces a large benet minus cost hurdle; and once this hurdle is passed,
the costs are sunk and the decision to abandon requires giving up the benet without
regaining the cost.
Second, under uncertainty about the benets of the new technology, there is an option
value to waiting before sinking the costs of adoption, which may tend to delay adop-
tion. Wejnert (2002) has provided a conceptual framework to better understand variables
that appear to modulate the adoption of technology, namely the six actors of innovation.
These are: societal entity of innovators, familiarity with the innovation, status charac-
teristics, socio-economic characteristics, relative position in social network and personal
characteristics that are associated with cultural variables that modify personality charac-
teristics of actors at population level.
Existing literatures have largely incorporated Wejnert (2002)’s approaches in explaining
technology adoption, namely societal entity of innovators, status, socio-economic, and
personal characteristics, as well as familiarity with the innovations. However, there is not
much study that examines how the relative position in social network may possibly af-
fect the process of diusion and eventually the adoption of technology. This dissertation
tries to provide better understanding of technology diusion and adoption process that
incorporates such eect. It also attempts to enrich the existing literatures by examining
the rest of the factors as mentioned by Wejnert (2002).

3
M E T H O D O L O G Y A N D C A S E S T U D Y A R E A
3.1 study context: indonesia.
Most of the economically marginalized people lives in rural area and depends on agricul-
ture and forestry. In 1999, 76% of Indonesians living below the poverty line live in rural
areas (Pradhan et al., 2000). Despite the declining share in GDP, agriculture still provides
income for majority of Indonesian (in 2012, 49 million employment or 41% of the total la-
bor force1. Indonesia benets from an ideal geographical location for agriculture, which
supports both coee and cocoa plantations. In 2013, Indonesia has 1.32 and 1.63 million
hectares for coee and cocoa plantations respectively and more than 90 percent of these
plantations are cultivated by small-scale producers (Thurston et al., 2013). These com-
modities have been two of Indonesia’s most important export commodities (Kaplinsky,
2004), as the country holds the reputation as the fourth biggest coee producer4 and the
third largest cocoa exporter5 in the world.
Of its coee exports, 75% is Robusta beans and the rest is Arabica6. Coee-growing
in Indonesia began during its colonial period and has since played an important part in
the country’s growth. Cocoa is presently drawing increased interest from local farmers
because both local and international demand for cocoa products greatly exceeds the coun-
try’s current supply capacity and world prices have been constantly favorable. The cocoa
sector has therefore seen massive growth in recent years, driven especially by a rapid ex-
pansion of smallholder farmers cultivating cocoa. For these two commodities, Indonesian
smallholders contribute by far most of the national production, thus overpowering big
state plantations and large private estates (Dietsch et al., 2004; Neilson, 2008).
Nevertheless, the country is currently facing challenges in boosting the economic con-
tributions of these two crops. Even though the country’s geography and micro-climates
are all well-suited for the growth and production of coee and cocoa, environmental
degradation due to harmful agricultural practices is apparent. The majority of Indone-
sia’s coee and cocoa output is produced by smallholders who lack the nancial means to
optimize their production capacity, resulting in declining production due to aging trees,
diseases, oods, and so on. In recent years the government has undertaken ambitious
reforms intended to revitalize coee and cocoa plantations in Indonesia as well as to in-
crease capacity building among smallholder farmers. Lampung Province, as one of the
largest coee and cocoa producing area in the country, has been facing problems such
as aging plantations and traditional farming systems. Since 2009, Ministry of Agriculture
1 http://www.indonesia-investments.com/culture/economy/general-economic-outline/agriculture/item378
accessed 2015/09/15
2 http://www.reuters.com/article/2013/07/31/indonesia-coee-output-idUSL4N0G12W520130731 accessed
2015/09/15
3 http://www.reuters.com/article/2012/03/14/us-food-summit-indonesia-cocoa-idUSBRE82D0TF20120314
accessed 2015/09/15
4 Statistics compiled by International Coee Organization, http://www.ico.org/prices/po-production.pdf re-
trieved May 23, 2015
5 Statistics compiled by UN Food and Agriculture Organization
6 http://www.indonesia-investments.com/business/commodities/coee/item186 retrieved April 20, 2015
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has carried out national program to increase farmers’ productivity and product quality
by reactivating the extension system in the commodity-producing districts in the forms
of farmers group (Hasibuan et al., 2012). Agricultural extension system across Indonesia
is ocially regulated for all types of products under the Law 16/2006 on Extension Sys-
tem for Agricultural, Fishery and Forestry (Neilson, 2008). Farmers cultivating the same
commodity and coming from the same or nearby neighborhood is encouraged to form a
farmers group, which usually comprises 20 to 30 people. Farmers group may not necessar-
ily represent everyone in a village. One or two extension workers are assigned to each
group and monitor the farmers’ progress and advances at least once a month through
monthly group meetings. Government’s subsidies for new varieties, fertilizers and even
new agricultural knowledge are often disseminated through farmers group under the
supervision of the district-government ocials. This system of extension, despite being
a top-down approach from the government, is typically eective in disseminating agri-
culture information among group members, as this format enables the "social learning"
process to be facilitated naturally.
Lampung Province (Figure 1), the study eld site, is subdivided into twelve districts
and two autonomous cities. The province’s major crops include Robusta coee beans,
cocoa beans, coconuts, and cloves. This has resulted in a thriving agricultural sector as
companies like Nestleé procure coee beans from the region. Population growth over the
past decade in Lampung became one of the drivers of land use change from forest to res-
idential land, agriculture, and plantations. Agroforestry is suitable to be implemented in
the areas where rejuvenation in the degrading lands is needed. Coee- and cocoa-based
agroforestry systems are appealing to farmers because these crops are highly valued
commodities and can create jobs (Budidarsono and Wijaya, 2004). Smallholder farmers
in Lampung cultivate a variety of tree gardens, including monocultural systems, mul-
tispecies gardens, and agroforests – tree garden systems that resemble natural forests
(Roshetko and Purnomosidhi, 2008).
Tanggamus district (Figure 2) currently tops the coee and cocoa producing districts in
Lampung. Coee producing areas span around 43,941 hectare with 30,143 tons of product
annually7. Geographic location of the survey lies in 104◦18’ - 105◦12’ East and 5◦05’ -
5◦56’ South. This particular district is selected due to its relevance with national strategy
to improve coee and cocoa productivity, as well as professional contact. I then select
two top coee- and cocoa- producing sub-districts, Sumberejo and Pulau Panggung. Data
from local agricultural department listed 36 farmers’ group in the area and I randomly
chose 16 farmers’ group covering 14 villages for the survey.
A generous funding to perform the research is obtained from Japan Society for the
Promotion of Science under Grants-in-Aid for Scientic Research.
3.2 social experiment: agricultural training
The data reported here were collected in three waves, in September 2012, 2013, and 2014.
In September 2012, I conducted a face-to-face interview to all household head in these
16 randomly selected coee and cocoa farmer groups. Agricultural Department census
registered 398 members in 2008, but during this baseline survey, I manage to adminis-
ter the survey to 312 households (∼80%). Household locations are presented in Figure 3.
Dierent colors represent dierent villages, which totalled 14 villages.
7 http://tanggamuskab.bps.go.id/ accessed 2015/09/15
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Figure 1: Map of Lampung province.
A national development program caused a high inux of Javanese migrants to resettle
in Lampung between 1981 and 1997 (Elmhirst, 1999). As such, young farmers in the dis-
trict are mostly second generation descendants of the migrants from Java island. Table 1
shows farmers’ ethnicity and religion. Islam is the most prevalent religion embraced in
the region, practiced by 97.4% population, followed by Christianity (1.6%) and Roman
Catholicism (0.96%). Javanese is the district’s major ethnic group (80.2%), followed by na-
tive Lampung (9.6%), Sumendo (6.7%), and Sundanese (3.2%), another ethnic group belong
to the neighboring Java island.
In the study area, information disseminates through extension visit to regular farmer
group meetings. Farmer’s preferences for species being cultivated depend on household
needs and markets (Wiersum, 2006). However, extension services generally make rec-
ommendations on new species according to biophysical criteria with less consideration
Table 1: Ethnicity and Religion
Ethnicity Religion Total
Islam Christian Catholic
Lampung 30 (9.61%) 0 (0%) 0 (0%) 30 (9.6%)
Javanese 243 (77.8%) 4 (1.3%) 3 (0.96%) 250 (80.2%)
Sundanese 10 (3.2%) 0 (0%) 0 (0%) 10 (3.2%)
Sumendo 20 (6.41%) 1 (0.3%) 0 (0%) 21 (6.7%)
Others 1 (0.3%) 0 (0%) 0 (0%) 1 (0.3%)
Total 304 (97.4%) 5 (1.6%) 3 (0.96%) 312 (100%)
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improve coffee and cocoa productivity, as well as professional contact. I then select two top 
coffee- and cocoa- producing sub-districts, Sumberejo and Pulau Panggung. Data from local 
agricultural department listed 36 farmers’ group in the area and I randomly chose 16 farmers’ 
group covering 14 villages for the survey.  
Figure 2: Map of Tanggamus district 
 
II. Social Experiment: Agricultural Training  
The data reported here were collected in three waves, in September 2012, 2013, and 2014. 
In September 2012, I conducted a face-to-face interview to all household head in these 16 
randomly selected coffee and cocoa farmer groups. Agricultural Department census 
registered 398 members in 2008, but during this baseline survey, I manage to administer the 
survey to 312 households (~80%). Household locations are presented in Figure 3. 
 
Figure 3: GPS Coordinates of Surveyed Farmers 
Figure 2: Map of Tanggamus district.
on markets. Knowledge variation lso exists amongst extension workers, and in some
isolated area, extension coverage does not work strongly. Aside from extension workers
and fellow farmers, farmer in the district almost never gets exposed to new channel of
information. Critics to group-based approaches mentioned that the system works better
for the non-poor than for the poor, as it sometimes tend to disadvantage farmers of lower
social status who are less likely to participate in or dominate groups (Place et al., 2007).
The baseline survey carried out in September 2012 revealed that even though farm-
ers have in fact heard of the agricultural technology examined in this study, adoption
rate is still problematic. Farmers are reluctant to adopt such practices fully. Extension
agents also testied that farmers have low motivation and passion to change their current
farming practices. These development workers have tried many approaches to encourage
farmers to implement better farming practices, including monthly group meetings to dis-
cuss problems faced by farmers and regular visits to farmers’ lands. However, adoption
still has not been fully embraced. Based on this information, I decided to conduct insti-
tutionalized training for randomly selected farmers from the community. Participants in
the randomized training were chosen in light of several considerations:
First, I considered variations of extension-agent coverage; attention given by
extension agents to farming communities varies across groups and villages. Some
extension agents are considered to have more intense communication with their desig-
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Figure 3: GPS coordinates of surveyed farmers.
nated Farming Group while others only regard the tasks as formality. Some extension
agents also tend to favor particular farmers over others, particularly the most inuential
person in the group.
Second, no farmer in the district has undergone institutionalized training.Train-
ing, especially given by professionals from the national research institute, is usually of-
fered to extension agents rather than farmers. These extension agents are then expected
to disseminate this information to the farmers. Therefore, I am interested in conducting
an intervention to see whether giving institutionalized training directly to farmers has
any impact upon farmers’ adoption behavior.
Third, farmers in the district are unlikely to travel frequently to the nearest
big city or town. Interviews with the farmers revealed that majority rarely travel, even
to the nearest big city (Bandar Lampung), a journey that takes 3 hours on average by bus.
The district’s farmers are unlikely to be exposed to new experiences and new environ-
ments. In this case, I examined whether changing how the training is implemented (i.e.,
holding it at distant places) aects farmers’ adoption patterns.
In February 2013, I distribute the lottery to select 156 farmers, or 50% of the total 312
respondents, to attend a three-day training program: the rst and second day would focus
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on training on coee and cocoa cultivation respectively, and the last day would be spent
on a eld trip to a coee-and-cocoa pilot farm. For heterogeneity purposes, I administered
the training in three dierent locations, namely (1) in Tanggamus, the district where the
farmers live; (2) in Kalianda, South Lampung, a more touristy district located around 170
km from Tanggamus but still in Lampung province; and (3) in Garut and Ciamis, the dis-
tricts producing coee and cocoa, respectively, on more developed Java Island. Similarly
with Tanggamus district, South Lampung district is also famous as coee and cocoa pro-
ducing district. In the neighboring Java island however, Garut district is a major coee
producer while Ciamis district is a major cocoa producer, hence the inter-island training
visited both districts in accordance to the training schedule and timeline. This randomiza-
tion is performed during farmers’ monthly-group meeting with their respective farmers
group. Extension ocials help with the randomization arrangement. The lottery states
the training location where the selected farmers will undertake, and farmers take the bid
by themselves. Figure 4 displays the geographical locations of the training venues and
Figure 5 depicts the situation during the lottery drawing.
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intervention to see whether giving institutionalized training directly to farmers has any 
impact upon farmers’ adoption behavior. 
Third, farmers in the district are unlikely to travel frequently to the nearest big city or town. 
Interviews with the farmers revealed that majority rarely travel, even to the nearest big city 
(Bandar Lampung), a journey that takes 3 hours on average by bus. The district’s farmers are 
unlikely to be exposed to ew experiences and new environments. In thi  case, I xamined 
wh ther chang g how the training is implemented (i.e., holding it a  distant places) affects 
farmers’ adoption patterns. 
In February 2013, I invited randomly selected 156 farmers, or 50% of the total 312 
respondents, to attend a three-day trai ing program: the first and second day would focus on 
training in coffee and cocoa cultivation respectively, and the last day would be spent on a 
field trip to a coffee-and-co oa pilot fa m. F r heterogeneity purposes, I administered the 
training in three different locations, namely (1) in Tanggamus, the district where the farmers 
live; (2) in Kalianda, South Lampung, a more touristy district located around 170 km from 
Tanggamus but still in Lampung province; and (3) in Garut and Ciamis, the districts producing 
coffee and cocoa, respectively, on more developed Java Island. The program was made to 
happen by the coordination of four district governments. Figure 4 displays the geographical 
locations of the training venues 
Figure 4: Geographic locations of training venues 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Legends: 
 = Tanggamus district – the district which the respondents reside (hometown) 
 = South Lampung district – different district but still in the same province (intra-island) 
 = Garut and Ciamis district– districts located in the different island (inter-island)  
The selected 156 farmers were randomly divided into three groups according to the location 
where their training would be conducted. The farmers participating in intra-island and 
inter-island training spent four days and three nights in total in the training center, enabling 
them to interact intensely with their fellow participants. The farmers were transported by 
land using buses, and the trip took five hours to reach the intra-island training venue and one 
day to reach the inter-island training location. Farmers spent a total of four days outside their 
villages for those trained in the intra-island location and five days for those trained in the 
inter-island location. The experiment was conducted carefully as the farmers’ safety and 
wellbeing is paramount. Accommodation, food, and travel insurance during the trip and the 
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Figure 4: Geographic location of training venues.
The selected 156 farmers were randomly divided into three groups according to the
location where their training would b conduc ed. The farmers participating in intra-
is and inter-island training spent four days and three nights in otal in the trai ing
center, en bling them to i te ct intensely with their f llow participants. The farmers
were transported by land using buses, and the trip took ve hours to reach the intra-island
training venue and one day to reach the inter-island training location. Farmers spent a
total of four days outside their villages for those trained in the intra-island location and
ve days for those trained in the inter-island location. The experiment was conducted
carefully as the farmers’ safety and wellbeing is paramount. Accommodation, food, and
travel insurance during the trip and the training were provided.
The three training locations, namely the within-district, intra-island, and inter-island
location, represent the eld trip component (i.e. more matured and developed in terms
of coee and cocoa production, more developed as an area, extension services are more
advanced) and the distance.
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Figure 5: Lottery to select farmers for training program
Two professionals from Indonesian Coee and Cocoa Research Institute (ICCRI) are
invited to deliver the training program in each respective location. Training materials are
kept identical across locations. Aside from in-house training, pilot farm visit is adminis-
tered to the "best-practice" farm in the respective districts accordingly. Nevertheless, only
training held in remote location (intra- and inter-island) incorporate the recreational ac-
tivities into the training program. Farmers are scheduled to visit touristy places in intra-
and inter-island location, as well as drop by in the prominent farmers’ place in these lo-
cations. As such, the program was made to happen by the coordination of four district
governments, as training receptions, pilot farm visit, and a short stopover at the best-
practice farmers are arranged by the respective district governments. Even though the
in-class training is identical across location, eld trip and training experience may be
dierent across the training groups, as the pilot farm situation and training experience
are not identical.
3.3 data collection
3.3.1 Research timeline
As indicated in Figure 6, this study was carried out between September 2012 and Septem-
ber 2014. Baseline data were obtained in September 2012 to investigate farmers’ tech-
nology level as well as their socio-economic characteristics. The 2012 baseline survey
was conducted through face-to-face administration of the questionnaire to all household
heads in 16 randomly selected coee- and cocoa-producing farming groups in the district
of Tanggamus, in the two sub-districts of Pulau Panggung and Sumberejo. The total num-
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training were provided. 
III. Data Collection 
III. 1. Research Timeline 
 
Figure 5: Timeline of the research 
 
 
 
 
 
 
 
 
 
 
 
 
As indicated in Figure 3, this study was carried out between September 2012 and September 
2014. Baseline data were obtained in September 2012 to investigate farmers’ technology 
level as well as their socio-economic characteristics. The 2012 baseline survey was 
conducted through face-to-face administration of the questionnaire to all household heads 
in 16 randomly selected coffee- and cocoa-producing farming groups in the district of 
Tanggamus, in the two sub-districts of Pulau Panggung and Sumberejo. The total number of 
farmer groups in the two sub-districts is 36, and 16 farmers groups are randomly selected for 
the survey. These 16 farmers group listed 398 households as members in 2008, according to 
the latest data compiled by the local government.  
During the September 2012 survey, I administered the questionnaire to 312 households 
(~80% of the total population). Self-identified household heads were asked to provide 
information on their agricultural activities, including farmland size and plants cultivated as 
well as details on inputs and outputs. Use of agricultural technology was the main focus, and 
household heads were asked to identify their current level of agricultural technology. In total, 
20 pages of the questionnaire were dedicated to finding out respondents’ personal and 
household socio-economic characteristics, including information on migration, assets, and 
personal-network composition.  
Randomization is carried out in February 2013. During farmers’ monthly group meeting in 
February, I rolled a lottery to invite selected farmers to join the training program. The training 
is conducted in April 2013, with hometown training carried out first, followed by intra-island 
and inter-island training. Post-evaluation is conducted twice, in 2013 and 2014, making the 
three years panel dataset. 
III. 2. Key Variables 
Key variables are collected in the three waves of surveys to all farmers, comprise of 
socio-economic characteristics, social network, agroforestry practices, as well as agricultural 
technology. Some variables such as test-scores during the training were only administered 
Baseline Survey  Training Evaluation Survey Sending Invitation (Randomization) 
September 2012 
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September 2013 September 2014 
Figure 6: Timeline of the research.
ber of farmer groups in the two sub-districts is 36, and 16 farmers groups are randomly
selected for the survey. These 16 farmers group listed 398 households as members in 2008,
according to the latest data compiled by the local government.
During the September 2012 survey, I dministered the questionnaire to 312 h useholds
(∼80% of the total population). Self-identied u ehold heads were asked to provide in-
formation on their agricultural activities, including farmland size and plants cultivated as
well as details on inputs and outputs. Use of agricult ral technol gy was the main focus,
and household heads were asked to identify their current level of agricultural technol-
ogy. In total, 20 pages of the questionnaire were dedicated to nding out respondents’
personal and household socio-economic characteristics, including i f rmati n on migra-
tion, ssets, and per onal-n t ork composi ion.
Randomization is carried out in February 2013. During farmers’ monthly group meet-
ing in February, I rolled a lottery to invite selected farmers to join the training program.
The training is conducted in April 2013, with the specic timeline: hometown training
carried out rst in 14 - 16 April 2013, followed by intra-island training in 17 - 20 April
2013 and inter-island training in 21 - 24 April 2013. A time gap between each training is
minimized as to prevent information spillover from training participants in the nearby
place to the more remote place. Training situations in hometown location (Tanggamus),
intra-island location (South Lampung), and inter-island (Garut and Ciamis) are exhibited
in F gure 7, F gure 8, and Figure 9 respectively.
Summary of training participation is exhibited in Table 2. There are around 11.5% of the
total samples who did not show up for the training. Their absence is due to many factors,
which, amongst others, are because they are engaged in other non-farming job such as
street food seller, motorbike taxi, or small neighborhood shops. For these entrepreneurial
groups, the cost of taking part in the training program seem to outweigh the benets that
come from it. Some other participants who did not take part mention family issues that
hamper them to leave their family behind for quite sometime, and this applies particularly
for farmers selected to participate in remote-location training.
Post-evaluation is conducted twice, in 2013 and 2014, making the three years panel
dataset. Almost all variables are collected in each of panel year. Analysis in Chapter 4, 5,
and 6 utilized the same dataset and same observation from the survey.
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Figure 7: Training situation in Tanggamus (Hometown location)
Table 2: Summary of training participation
Non-invited
respondents
Invited by lottery
Participating
respondents
Non-participating
respondents
Training in hometown 39 (12.5%) 13 (4.2%)
Training in intra-island 39 (12.5%) 13 (4.2%)
Training in inter-island 42 (13.5%) 10 (3.2%)
Total 156 (50%) 120 (38.5%) 36 (11.5%)
Grand Total 312
3.3.2 Key Variables
Key variables are collected in the three waves of surveys to all farmers, comprise socio-
economic characteristics, social network, agroforestry practices, as well as agricultural
technology. Some variables such as test-scores during the training were only adminis-
tered for training participants and collected during the agricultural training. Details of
key variables collected, altogether with explanations on what they represent, are as fol-
lows:
1. Demographic Characteristics
Households’ socio-economic characteristics are measured across all three waves of
surveys and include assets, wealth, education, age, and occupation of all members
in the households. Possession of animal such as cattle, poultry, and honey-bees are
also incorporated, in addition to the size of plots and the possession of luxury goods
such as motorbike, mobile phone, and electronic goods.
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Figure 8: Training situation in South Lampung (Intra-island location)
2. Test Scores as proxy for knowledge acquisition
Knowledge acquisition during agricultural training is investigated in the next chap-
ter and test-scores during the training program serve as proxy for information ac-
cumulation during training. The quiz questions are identical before and after the
training, and materials were loosely based on what has been taught by the instruc-
tors. This variable is available only in April 2013 during social experiment and
administered only for training participants.
3. Various Social Network Variables
For network variables, I solicit information regarding personal ties and advice-
network ties. The former indicates whether farmers have connection with "bridg-
ing ties" or people originating from outside the community, namely extension agents
and people who travel to Java island at least twice a year. Advice network ties re-
veal farmers’ source of agricultural information in detail, as farmers sometimes like
to talk and discuss regarding their farming practices to certain people. The survey
asks thoroughly about such person, including frequency of meeting, years of know-
ing the person, mode of contact, where these people live, and whether they belong
to the same farmers group. These names may be anyone, including extension work-
ers, traders, or neighbors and relatives. Network variables are available in 3 years,
except for personal ties which are only available in two waves (2012 and 2013).
4. Agroforestry Index
Information on all of farmers’ crops is also being sought to examine farmers’ agri-
cultural diversication strategy. Farmers are asked what they are currently culti-
vating in their farmland, and how long they have been planting it. In particular,
the survey also incorporates detailed information on farmers’ ve main cash crops,
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Figure 9: Training situation in Garut and Ciamis (Inter-island location)
including the total of produce sold, yield, and price for the commodity. This infor-
mation is available across 3 waves.
5. Agricultural Technology
Questions pertain to agricultural technology are asked in two levels: whether they
know it and whether they have tried it in their farmland. Knowing means being able
to do the technology correctly and step-by-step, and is a pre-requisite for adoption.
When farmers have already practiced it in their farmland, they are considered to
have adopted it. Data on agricultural technology is collected in all waves.
6. GPS location of households and information on access
As additionalities, I record GPS location of households for further spatial analysis if
necessary. Household access to the main farmland, paved road, and unpaved road,
is also documented.

4
E F F E C T S O F N E T W O R K O N K N O W L E D G E A C Q U I S I T I O N :
L E S S O N S F R O M A G R I C U L T U R A L T R A I N I N G I N R U R A L
I N D O N E S I A
4.1 introduction
Access to information pertaining agricultural knowledge is essential to develop farmers’
ability in maintaining and increasing farm productivity. Farmers who lack the means to
acquire agricultural information from formal sources often rely on information within
their informal social network (Boahene et al., 1999; Lyon, 2000) and transfer agricultural
knowledge through social interactions (Conley and Udry, 2010). Approaches in social net-
work posit that an individual’s behavior is inuenced by the kinds of relations, technical
ties, and networks more than by the norms and attributes that an individual possesses
(Yang and Tang, 2003). Interpersonal interaction plays signicant role in facilitating learn-
ing processes as learners actively build knowledge by formulating ideas into words which
is built upon reactions and responses of others. Despite the importance of network as a
means for information facilitation, Newman and Dale (2005) and Bodin et al. (2006) ar-
gued that "not all social networks are created equal". They highlight the importance of
distinguishing between "bonding" (interactions between family members, friends, and
neighbors) and "bridging" (extend outside the community and provide access to dier-
ent information and resources) ties. Balancing connections to both ties equally may im-
prove people’s economic and social well-being, including incomes (Wu and Pretty, 2004;
Berrou and Combarnous, 2012), community development and survival post-natural dis-
aster (Hawkins and Maurer, 2010), and management of collective action (Adhikari, 2008).
Some literatures have partially addressed the issue of how the social structure in a
village can aect the facilitation of social learning, adoption, and the nal impact on
the productivity of farmers (Feder and Slade, 1984; Case, 1992; Foster and Rosenzweig,
1995; Conley and Udry, 2001; Romani, 2003). However, existing studies focus on the nal
adoption and little is found regarding the eects of an individual’s community network
structure on learning mechanism during the transfer of knowledge. Furthermore, exam-
ining learning eectiveness requires a eld experimental design to fully understand the
role of individual’s network position in acquiring information. What the current studies
are overlooking are the investigations that combine both the eects of an individual’s
network ties and network structure upon inuencing knowledge acquisition process. I
intend to ll the gap in the literatures by arguing that both are equally important during
information gathering even though examination on the latter is often overlooked. My
contribution is twofold:
First, I conduct a eld experiment in the context of farmers’ learning during agricul-
tural training to explore the eects of social network upon farmers’ learning performance.
To serve the purpose, I draw a clear distinction between friendship network, as well
as advice network with both "bonding ties" and "bridging ties" as key determinants for
farmers’ learning performance. Bonding ties are interactions between family members,
friends, and neighbors in tightly connected networks, while bridging ties extend outside
the community and provide access to dierent information and resources (Putnam, 2001;
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Woolcock, 2001). Friendship network is more social-oriented in nature while advice net-
work, despite being classied as instrumental ties, consists of relations through which
individuals share resources such as information, assistance, and guidance that are related
to the completion of their work.
Second, I also examine how structural properties in farmers’ local network aect learn-
ing outcomes during formal agricultural training. While individual learning is undoubt-
edly a personal cognitive activity, it is also very likely to be inuenced by social forces in
that a person’s everyday interactions will tend to enhance or undermine learning (Bogen-
rieder, 2002). To meet this objective, I investigate farmers’ position in their local neigh-
borhood, how central they are compared to others who belong to the same group, and
how this aects learning outcomes.
I found that the number of ties does correspond to better learning outcomes only to
some extent, but an individual’s position in a farming community does strongly relate to
their ability for information solicitation. Learning is shaped not simply by the number
of connections, but instead by the quality of network source and its relevance to the
information being sought. When advice network is not more advanced than the advisee,
its eects on learning may be adversarial. On the contrary, farmers occupying central
position within their community may be more familiar at facilitating problem-solving
activities as they are used to conduct eective coordination of actors and resources in
their local network, resulting in better learning outcomes.
The rest of the chapter is organized as follows: section 4.2 describes conceptual frame-
work, section 4.3 explains study area’s agricultural characteristics, section 4.4 explores
the descriptive statistics, section 4.5 shows the empirical methodology, section 4.6 draws
upon the results, and nally section 4.7 concludes with discussion and policy implication.
4.2 conceptual framework
The way societies are organized and how they interact socially can have an impact upon
information diusion and farm productivity (Banerjee, 1992; Besley and Case, 1994; Fos-
ter and Rosenzweig, 1995; Conley and Udry, 2001). The essential function of networks is
the exchange of information between individuals who shared social and informational
resources (Carlsson and Stankiewicz, 1991). Some positive and negative network implica-
tions are assumed to be associated with an individual’s performance, for instance, advice
relations were positively related to entrepreneurial performance (Davidsson and Honig,
2003) and knowledge transfer (Bodin and Crona, 2009); but adversarial network has nega-
tive correlations with learning performance and motivation (Baldwin et al., 1997). While
these studies oer invaluable insights to better understand the role of networks, there
is still a lack of clarity on the role of social structures in determining the amount and
the quality of the exchange of information among neighbors. The dimensions of such
relationships in learning or advice-seeking amongst actors are not yet well understood,
especially how social relationships constructed by interpersonal processes shape learning
outcomes and may result in dierent kinds of information solicited.
In this chapter, I test whether having more network ties, be it friendship network, ad-
vice network from peers (termed "bonding ties"), or advice network from government
institutions (termed "bridging ties"), can positively inuence an individual’s ability to
perform better in knowledge acquisition during agricultural training. Furthermore, the
second objective is to examine whether network centrality in farmers’ locale aects their
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information acquisition ability. My hypotheses are as follow:
Hypothesis 1: The numbers of connections farmers have are positively corre-
lated with knowledge attainment during training
An individual who have more connections and ties to other individuals may hold ad-
vantageous positions as these ties can serve as alternative ways to fulll their needs,
making them less dependent on other individuals. Because they have many ties, they
may have access to, and be able to call on more of the resources of the network.
Hypothesis 2: Farmerswhohave high centrality degreewill bemore pro-active
in knowledge seeking behavior thus performing better during learning activi-
ties.
While the rst hypothesis only examines the unidirectional ties, I also provide anal-
ysis on farmers’ directed networks within their local farming communities. By having
information on the directions, I can distinguish one’s prominence and inuence within
their locale and how this network position aects their information gathering mecha-
nism. If an individual receives many ties, they are considered prominent or having high
importance, as many seek to connect with them. An individual who nominates many
others as their source of advice, are usually able to exchange with many others or make
many others aware of their opinion. They are also often said to be inuential. This im-
portant feature of Social Network Analysis can address the structural properties of social
network in explaining various outcomes. Centrality, the extent to which a given individ-
ual is connected to others in a network, is the structural property most often associated
with instrumental outcomes, including power (Brass, 1984), inuence in decision-making
(Friedkin, 1993), and innovation (Ibarra, 1993).
A very eective measure of an actor’s centrality and power potential is their degree
(or number of directional ties relative to everyone’s scores in the locale). Few inuential
studies have constructed centrality measures to measure which individuals in a network
hold prominent and inuential roles (Freeman, 1979; Bonacich, 1972; Wasserman and
Faust, 1994). Some inuential studies have shown that Individual centrality in an advice
network is positively associated with individual performance (Sparrowe et al., 2001). In-
novations and performance can be produced if the actors occupy central network position
that provide access to new knowledge developed by other units, even though it may be
dependent on an individual’s capacity to replicate new knowledge (Tsai, 2001).
4.3 agricultural characteristics: coffee and cocoa farming
In the study area, coee is considered an old commodity, as most farmers reported that
the farmland was inherited from the previous generation. Cocoa plantation is relatively
newer, as more and more coee farmers are converting to cocoa in the past ten years due
to higher and more stable prices, and relatively low maintenance compared to coee. In
2009, the central government announced national plan to increase productivity and co-
coa commodity, called Gerakan Nasional Peningkatan Produksi dan Mutu Kakao (Gernas
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Kakao)1 with 9 provinces becoming the initial target area. In 2011, the program developed
massively to target another 22 province including Lampung province. To support Gernas
Kakao program, the government recruited contract assistants as extension ocers who
are in charge of assisting farmers and farmers group to facilitate cocoa growing activi-
ties. Extension agents were recently graduated from agricultural departments and have
undertaken many forms of agricultural training established by the national recruitment
team. Due to this policy, most cocoa extension workers in Lampung are much younger
than coee extension workers who have been working since long before 2011.
4.4 descriptive statistics
The baseline survey carried out in September 2012 conrmed that farmers’ primary infor-
mation sources are extension workers and fellow farmers in their farmer groups. Local
government ocials and extension workers testied that farmers were never exposed to
formal agricultural training as training is usually administered only for extension o-
cials. Farmers in the district are also unlikely to travel frequently to the nearest city for
either leisure or business. Given these facts, I decided to conduct social intervention in
the form of institutionalized training to the farmers.
In April 2013, I randomly invited 156 farmers to participate in three days training: the
rst and second day would be the lecture on coee and cocoa cultivation respectively, and
the last day would be pilot farm visit, eld trip, and visit to prominent farmers’ farmland.
For heterogeneity purposes, 52 farmers are invited to training located in their hometown,
52 farmers are invited to intra-island location (still in Lampung province but in dierent
district), and the rest 52 are invited to inter-island location in the neighboring Java island.
Out of 156 invited, 120 (∼80%) responded to the invitation and become the object of
analysis (Table 3), consisting of 95 and 68 coee and cocoa farmers respectively, while 47
farmers currently cultivate both. 4 farmers reported that they no longer cultivate coee
or cocoa in 2012, even though they are listed in government record as coee and/or cocoa
farmers in 2008 survey, but in the future, they may consider re-cultivate2 The details of
training participation in each location category are presented in Table 4.
Table 3: Training participants
Non-cocoa farmers Cocoa farmers Total
Non-coee farmers 4 (3%) 21 (17.5%) 25 (20.8%)
Coee farmers 48 (40%) 47 (39.2%) 95 (79.2%)
Total 52 (43.3%) 68 (56.7%) 120 (100%)
Table 5 species the descriptive statistics between coee and cocoa farmers. In general,
no substantial dierences are found on demographic characteristics, wealth and source
of information between the two categories; however, years of experience for cultivating
coee (17 years on average) are signicantly much longer than cocoa (8 years on average).
1 Source:
http://ditjenbun.pertanian.go.id/tanregar/berita-164-pembukaan-peningkatan-kapabilitas-tenaga-
kontrak-pendamping-tkp-gernas-kakao.html accessed 2015/12/11
2 Further examination post-training shows that out of 4 people who did not cultivate either crop in 2012,
one farmer ended up cultivate both coee and cocoa in 2013 and 2014 (after training), one farmer is found
to cultivate only cocoa in 2013 and 2014 (after training), while the rest 2 farmers do not re-convert at all.
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Table 4: Training participants according to location heterogeneity
Location
Category
Coee farmers Cocoa farmers Both coee & Neither
cocoa farmers
Hometown 30 22 15 2
Intra-island 32 22 16 0
Inter-island 33 24 16 2
Total 95 68 47 4
Cocoa farmers are also somehow more educated than coee farmers, even though on
average both did not complete middle school education. Cocoa farmers seem to also use
slightly more of organic and chemical fertilizer than coee farmers, even though coee
farmers employ more labor to some extent. I also found that around 5 farmers reported 0
hectare cultivated farmland. Further examination shows that these 5 farmers own a land,
but they seem to have a contractual arrangement to lease the farmland to other farmers
to cultivate coee and cocoa. These lessee farmers will then pay the lessor farmers the
agreed provision of coee and cocoa produce after the harvest.
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Table 5: Descriptive statistics
Variable Coee farmers only Cocoa farmers only Both coee and cocoa farmers t-test1 t-test
2 t-test3
Mean Std. Dev. Min Max Mean Std. Dev Min Max Mean Std. Dev Min Max
Demographic characteristics
Years of experience of cultivating coee 17.46 11.88 0 60 19.71 9.57 2 43 ***
Years of experience of cultivating cocoa 8.55 8.76 0 40 9.97 9.92 0 40 ***
Years of Education of HH Head 7.9 3.22 0 16 8.42 3.24 3 16 8.08 3.35 3 16
Age of HH Head 44.27 11.3 21 80 44.88 9.78 28 75 46.06 10.74 28 75
Cultivated Farmland (in Ha) 1.09 0.87 0 5 1.17 0.95 0 5 1.33 1.07 0 5
Log of Farm Income 16.26 1.08 13.1 18.61 16.38 1.04 13.9 18.61 16.50 1.00 14.50 18.61
Dummy Mobile Phone 0.85 0.36 0 1 0.81 0.4 0 1 0.83 0.37 0 1
Native of Lampung4 0.27 0.45 0 1 0.26 0.44 0 1 0.34 0.48 0 1
2nd Generation Migrant4 0.6 0.49 0 1 0.59 0.5 0 1 0.51 0.505 0 1
No of HH members 4.23 1.7 1 12 4.27 1.73 1 12 4.6 1.87 2 12
Male ratio in the HH 0.55 0.16 0.25 1 0.54 0.17 0.25 1 0.55 0.138 0.29 0.83
Agricultural inputs
No of Hired Labor 2.87 2.22 0 15 3.13 2.41 1 15 3.197 2.61 1 15
Usage of Organic Fertilizer5 771.74 1079 0 5800 792.6 1018 0 4500 889 1157.8 0 4500
Usage of Chemical Fertilizer5 193 232.9 0 1500 241.2 253.2 0 1500 241.48 272.13 0 1500
Usage of Fertilizer in Total5 964.74 1184 0 5800 1034 1138 0 4800 1130.851 1306.32 0 4800
Information sources
Knowing Extension Workers4 0.85 0.36 0 1 0.84 0.37 0 1 0.808 0.397 0 1
No. of Agricultural Advice Network 5.21 2.99 1 14 5.11 3.91 1 20 4.76 2.74 1 14
No. of Advice Network Within the Farm-
ers group
3.67 2.81 0 12 3.83 3.79 0 19 3.41 2.55 0 10
Living nearby extension workers6 0.21 0.41 0 1 0.24 0.43 0 1 0.23 0.43 0 1
Observation 95 68 47
1between coee farmers (only) and cocoa farmers (only)
2between coee farmers (only) and both coee and cocoa farmers
3between cocoa farmers (only) and both coee and cocoa farmers
4(= 1 if Yes)
5(in Kg/year)
6(within 15mins walking distance)
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Near-identical training was given regardless of the location. Two professional trainers
from Indonesian Coee and Cocoa Research Institute (ICCRI) were invited to give train-
ing lectures. Training materials and the lecturers were identical for each location, and
trainings were controlled to produce similar environments throughout the two location-
categories. Training in hometown was conducted rst, and then in the dierent-district
and inter-island location respectively. To examine learning eectiveness, farmers were
given ten-question quiz before and after the lecture by the trainers. The quiz was iden-
tical before and after the lectures, and the materials were extracted from the lectures.
Both quiz questions for coee and cocoa are similar. Same weights are given to questions
pertain to selecting high-yielding varieties, suitable shade-trees, grafting methods, and
pruning methods. The quiz results are presented in Table 6.
Table 6: Summary statistics of the outcome variable (Test Scores)
Variable Cocoa farmers Cocoa farmers t-test
Mean Std. Dev. Min Max Mean Std. Dev Min Max
Coee Score (for Coee Farm-
ers) / Cocoa Score (for Cocoa
Farmers) Before Lecture
3.46 2.06 0 8 7.62 1.45 4 10 ***
Coee Score (for Coee Farm-
ers) / Cocoa Score (for Cocoa
Farmers) After Lecture
5.92 2.42 0 10 8.73 1.53 4 10 ***
Coee Score (for Coee Farm-
ers) / Cocoa Score (for Cocoa
Farmers) Dierences
2.49 2.72 -2 8 1.10 1.25 -3 4 ***
Observation 95 68
4.5 estimation methodology
4.5.1 Describing Social Network
This chapter particularly addresses the eects of social network on learning performance
during agricultural training. I infer that network dierences will play important role dur-
ing farmers’ information gathering mechanism. Specically, I am looking at the following
network category:
(NT1) Friendship Network
Friendship network is dened as number of farmers from the same farmers group com-
ing to the same training location. The results depend on the randomization process, and
the data is obtained in April 2013 during the social experiment. Those who are in the
friendship network, albeit coming from the same farmers group, are not necessarily in
the advice network.
(NT2) Advice Network (Peers)
To solicit information regarding agricultural advice network, I asked farmers during the
baseline survey in September 2012 regarding the name of person whom farmers com-
municating with or seeking advice pertains to coee and cocoa farming. Amongst those
names, farmers listed names that belong to the same farmers group; these names are then
constructed as peers-advice network.
(NT3) Advice Network (Ocials)
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Similarly, the question on bridging ties is also administered during the baseline survey in
September 2012. Amongst those names farmers regarded as agricultural advice network,
I identied whether he or she is a government ocial or extension workers. Ocials
are considered an annex of farmers’ local network. They are more advanced in terms of
knowledge, experiences, and resources; and often advice farmers on farming practices.
In this study I regard extension workers as bridging ties.
Network measurement in (NT1) to (NT3) only considers the number of ties farmers
have and the direction is unsolicited. As additionality, I examine deeper network struc-
tures of farmers within their farming community, which places consideration on one’s
status, importance, and communication direction in their community.
(NT4) Network Position in Farmers’ Group
Network position is measured based on information regarding advice network from in-
side the farmers group (peers advice network). Farmer groups usually consist of 20 to 30
farmers who have similar agriculture interests and live within the same proximity; and
typically facilitate agricultural information transfer from extension workers to farmers.
The group regularly conducts monthly meeting with extension workers to discuss farm-
ing practices. In group-level, farmers testify whom they obtained information from or
talked to regarding agricultural practices, so the direction is outward.
According to this information, I compute several centrality measures that incorporate in-
formation on all group members’ knowledge-seeking direction in the farmers group. The
dierence with peers-advice network (2), aside from the directional ties, is the ability to
identify the individual level of importance and inuence within the group. For instance,
farmer No. 1 in group A may seem to be more inuential when he solicited information
from 10 members inside the group instead of Farmer No. 2 in group B who has sought
advice from only 7 members. However, group A has 30 members while group B only has
15 members, making Farmer No. 2 more inuential in his group than Farmer No. 1 even
though Farmer No. 1 has more advice network.
The network structures for all 16 farmers group are plotted in Figure 10, made visual-
ized in STATA programming by Corten (2011). The red dot represents each farmer and
the blue line corresponds connection for advice network. Group 1 has many members
who are very active in soliciting information from each other and the network seems
dense. On contrary, there are 5 farmers in Group 7 who seem to detach from the group as
they do not appear to seek advice from inside their farmers group, indicating that com-
munication within the group is not fairly intense. Group 14 on the other hand, shows the
presence of the sole inuential person in the group, although the rest of group members
may not look very active in information seeking from fellow members.
To measure network position within the farmers group, I utilize information from
peers-advice-network (2). The information needed to construct the centrality is the iden-
tier of the individual who initiated the advice seeking (source) and the identier of the
individual who serves as the target of the advice seeking (target) from each farmers group
that become the unit of the study. I then compute three kinds of centrality measures that
were initially developed by Freeman (1979) and later were translated into STATA usage
by Miura (2012) and Cerulli and Zinilli (2014):
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Figure 10: Network structures of all farmers group (non-training participants are included)
(NP1) Degree-centrality
Degree centrality measures the importance of a node by the number of connection the
node has. An individual with a high degree centrality maintains numerous contacts with
other individual and is considered inuential in the group. The degree centrality is:
CD(P
k)n =
n∑
i=1
a(pi + pk)
where n is the number of nodes and a(pi + pk) = 1 if and only if node i and k are con-
nected, and a(p1+ p2) = 0 otherwise.
(NP2) Closeness-centrality
Closeness is based on the length of the average shortest path between a vertex and all
vertices in the graph. An individual who is close to others can quickly interact and com-
municate with them without going through many intermediaries. Closeness centrality is
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computed as the inverse of the sum of geodesic distances from node i to the g−1 of other
node. The closeness centrality is:
CC(pk) =
 g∑
j=1
d(pi,pk)
−1
where d(pi,pk) is the geodesic distance (shortest paths) linking pi and pk.
(NP3) Betweenness-centrality
Betweenness is formulated based on the number of times a particular node lies "between"
the other nodes in the network. It is the portion of the number of shortest paths that
pass through the given node divided by the numbers of shortest path between any pair
of nodes (Freeman, 1977, Borgatti, 1995). Betweenness centrality measures gatekeeping
and control of information in a network and is constructed as follow:
CB(pk) =
∑
i<j
gij(pk)/gij
where gij is the geodesic distance (shortest paths) linking pi and pj and gij(pk) is the
geodesic distance linking pi and pj that contains pk.
Table 7 presents summary statistics of network variables, showing that there is no sub-
stantial dierence on network variables between coee and cocoa farmers. Both farmers
on average have 3 friendship connections during the agricultural training; consult with 3
farming group members; and seek advice from less than 1 extension ocial. For Degree-
centrality measures, the highest score is 1 if they seek advice from practically everyone in
the farmers group. Centrality measures show that cocoa farmers are slightly more active
in information seeking albeit not statistically signicant.
Table 7: Summary Statistics of Network Variables
Variable Coee farmers Cocoa farmers t-test
Mean Std. Dev. Min Max Mean Std. Dev Min Max
Network variables
Friendship Network 3.54 2.22 0 8 3.51 2.16 0 8
Advice Network (from Inside
Farmers Group)
3.67 2.81 0 12 3.83 3.78 0 19
Advice Network (Ocial) 0.8 1.33 0 5 0.69 1.34 0 5
Betweenness Centrality 0.05 0.078 0 0.404 0.065 0.11 0 0.679
Out-closeness Centrality 0.526 0.09 0.34 0.84 0.543 0.147 0.32 1
Out-degree Centrality 0.272 0.149 0.04 0.81 0.298 0.232 0.03 1
95 68
Network variables are often associated with education and wealth. In Table 8, OLS re-
gressions are conducted to check the correlation between network indicators and house-
hold characteristics for coee farmers. The results show that years of experience cultivat-
ing coee is slightly associated with degree centrality (or the number of outward-directed
ties). Education and wealth are not correlated with networks, but possession of mobile
phone is, with degree- and closeness-centrality. Apparently, mobile phone serves as a
catalyst connecting the ties.
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Table 8: Network indicators and socioeconomic characteristics (Coee farmers)
(1) (2) (3) (4) (5) (6)
Variable Friendship
network
Advice
Network
(Peers)
Advice
Network
(Ocial)
Degree
Centrality
Closeness
Centrality
Betweenness
Centrality
Years of experience of coee
farmers
-0.0124
(0.0205)
0.0386
(0.0260)
0.00714
(0.0118)
0.00273*
(0.00145)
0.00144
(0.000883)
0.000633
(0.000779)
Years of Education of House-
hold Head
0.00289
(0.0748)
0.00644
(0.0946)
0.0611
(0.0429)
0.00649
(0.00539)
0.00190
(0.00329)
0.00434
(0.00290)
Cultivated Farmland1 0.115
(0.307)
-0.740*
(0.388)
-0.326*
(0.176)
0.000746
(0.0219)
-0.00565
(0.0134)
0.0123
(0.0118)
Possession of mobile phone2 -1.189*
(0.711)
0.644
(0.899)
0.442
(0.408)
0.124**
(0.0499)
0.0831***
(0.0304)
0.0415
(0.0268)
Possession of motorbike2 0.595
(0.721)
0.884
(0.911)
0.614
(0.413)
-0.0420
(0.0563)
-0.0280
(0.0343)
-0.0244
(0.0303)
Living nearby extension
workers3
-0.0578
(0.594)
-0.339
(0.751)
0.609*
(0.340)
0.0279
(0.0423)
0.0105
(0.0258)
0.0317
(0.0227)
Constant 4.205***
(1.060)
2.447*
(1.340)
-0.526
(0.608)
0.0981
(0.0751)
0.443***
(0.0458)
-0.0224
(0.0404)
Observations 93 93 93 81 81 81
R-squared 0.040 0.069 0.131 0.139 0.131 0.103
1(in Ha)
2(=1 if Yes)
3(within 15mins walking distance)
Results are based on OLS estimation. Robust standard errors are in parentheses. ***, **, and * signify statistical signicance at the 1%,
5% and 10% level, respectively.
I present similar regression for cocoa farmers in Table 9 and found that education is
closely related to degree-, closeness-, and betweenness-centrality. I spot dierent network
characteristics between coee and cocoa farmers respectively. As cocoa is a relatively
young commodity compared to coee, years of education of household head becomes
an important factor to quickly master the farming practices. Contrary to cocoa farmers,
possession of mobile phone becomes the primary cause of network centrality for coee
farmers.
4.5.2 Estimation Strategy
The estimation models for (NT1) to (NT3) as dependent variables are as follow:
1. Eect of personal network on learning eectiveness
Yi,t = α + β1Timei,t + β2AdviceNetworki,t + β3Time ∗ AdviceNetworki,t +
β4X+ ui,t if Coee/Cocoa farmers = 1
for (1), where i indexes each farmers’ id; Yi is an outcome variable of interest, namely
the coee and cocoa quiz scores for either coee or cocoa farmers; αi is constant; Time
is indicator of pre- and post-training period (that is Time = 1 for post-training and 0 for
the otherwise); Network is the number of social ties farmers have; and ui is a random
error term. I use the quiz score before and after in Y and conduct panel analysis as the
panel nature takes into account the time invariant heterogeneity. Network with peers
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Table 9: Network indicators and socioeconomic characteristics (Cocoa farmers)
(1) (2) (3) (4) (5) (6)
Variable Friendship
network
Advice
Network
(Peers)
Advice
Network
(Ocial)
Degree
Centrality
Closeness
Centrality
Betweenness
Centrality
Years of experience of cocoa
farmers
0.0313
(0.0330)
0.0241
(0.0568)
0.0354*
(0.0202)
-0.00424
(0.00346)
-0.00260
(0.00220)
-0.00276*
(0.00164)
Years of Education of House-
hold Head
-0.0948
(0.0827)
0.139
(0.142)
0.0354
(0.0507)
0.0269***
(0.00947)
0.0166***
(0.00603)
0.00894*
(0.00449)
Cultivated Farmland1 0.189
(0.343)
-0.816
(0.591)
-0.345
(0.210)
0.0137
(0.0379)
0.000363
(0.0241)
0.0223
(0.0180)
Possession of mobile phone2 0.321
(0.764)
-1.284
(1.386)
0.293
(0.494)
-0.0112
(0.0909)
0.00522
(0.0579)
0.0515
(0.0432)
Possession of motorbike2 0.839
(0.930)
-2.621
(1.614)
0.344
(0.575)
-0.110
(0.107)
-0.0906
(0.0680)
-0.00314
(0.0507)
Living nearby extension
workers3
-0.514
(0.659)
-0.334
(1.144)
0.549
(0.407)
0.0287
(0.0741)
-0.00533
(0.0472)
0.0885**
(0.0352)
Constant 2.980**
(1.274)
6.857***
(2.196)
-0.208
(0.782)
0.196
(0.143)
0.505***
(0.0911)
-0.0710
(0.0679)
Observations 67 66 66 57 57 57
R-squared 0.086 0.124 0.120 0.194 0.194 0.210
1(in Ha)
2(=1 if Yes)
3(within 15mins walking distance)
Results are based on OLS estimation. Robust standard errors are in parentheses. ***, **, and * signify statistical signicance at the 1%,
5% and 10% level, respectively.
and experts do not change across waves. The variable of interest is the interaction term
between Network and Time; as I attempt to see how network plays role during infor-
mation gathering during agricultural training. For this regression, I construct dierent
estimation for both coee and cocoa farmers respectively and utilize random-eects es-
timation for our model. In cases where the key variables (xt) do not vary much overtime,
the random-eects model can take account the eect of time-constant variable in the
panel data study thus eciently account for any remaining serial-correlation due to un-
observed time-constant factor (Wooldridge, 2010).
For various network positions (NP1 - NP3) as dependent variables, the estimations are
as follow:
2. Eect of network position on learning eectiveness (only if farmers mention any member
in their farmers group as agricultural advice network)
Yi,t = α+ β1Timei,t + β2Centralityi,t + β3Time ∗Centralityi,t + β4X+ ui,t if
Coee/Cocoa farmers = 1
For (2), Yi is the coee and cocoa quiz scores for either coee or cocoa farmers; Central-
ity is the measure of closeness centrality, degree centrality, and betweenness centrality;
similarly with the above, αi is constant; Time is indicator of pre- and post-training pe-
riod (that is Time = 1 for post-training and 0 for the otherwise). For this estimation, the
variable of interest is the interaction term between Centrality measures and Time, indi-
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cating the inuence of one’s network position in their community upon their learning
achievement.
4.6 estimation result
4.6.1 Eect of Personal Network on Learning Performance
Table 10 column 1 to 4 presents regression results of the inuence of personal network
on knowledge acquisition for the case of Coee farmers. I found that for every peers- and
expert- (ocial) advice network a farmer participant has, the test-score post-training will
likely to be higher by 0.29 points and 0.15 points out of 10 points respectively. Conversely,
having one friend from the same farmers group joining the training, farmers’ score will
be likely to drop by 0.05 points. Coee farmers having more friendship ties also have
lower score by 0.1 points to begin with, indicating the negative eects of social ties on
learning performance. In general, farmers having association with government agents
also seem to have lower scores before the training by 0.29 points even though the score
increments are signicantly higher post-training.
As coee is considered an old commodity, knowledge regarding coee production has
been revolving across generations. There is not much new innovation and information re-
garding coee production; and there is possibility that the provision of the current knowl-
edge may probably be wrong to some extent. As extension agents for coee commodity
are tenured government ocials and are much older than cocoa’s extension workers who
are mostly fresh-graduated; they may be less likely to get the newest update and innova-
tions regarding coee practices. This may be why coee farmers who seek advice from
extension agents generally obtain lower scores, even though post-training, the scores are
signicantly higher as they are already familiar and adept with coee production.
Additionally, living nearby extension agents and possession of motorbike contribute
positively for knowledge attainments; indicating the importance of access to retain knowl-
edge.
Results for Cocoa farmers are reported in columns 5 to 8. For every peers- and government-
advice network farmers have, the coecient post-training is lower by 0.01 points and 0.28
points respectively. And for every friendship ties, the coecient will drop by 0.09 points.
At the beginning, it may seem that peers-advice network and friendship network have
negative association with learning performance. However, in column 5 and 6, the coef-
cient on friendship network and peer-advice network are positive and signicant by
0.02 and 0.09 points respectively, meaning that the scores of farmers who have more of
this network were higher from the beginning. Farmers with more peers- and friendship-
networks may possibly know the cocoa production better relative to others; hence the
increment on the score from the training is smaller than others with fewer networks. On
the other hand, farmers with less of these networks learned a lot more from the training
because they didn’t know it well before. Cocoa is newer, so people don’t know it as much
as coee, but those with more networks know it better before the training.
This nding conrms that the rst hypothesis is only partially correct, while
advice networks are almost always benecial, friendship network in classroom
settings may hurt learning outcomes. Friendship network is found to have negative
spillover for learning achievements, as it applies to both coee and cocoa farmers equally.
For each friendship network, participants’ scores post-training will get lower by 0.05 and
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Table 10: Eects of network ties on knowledge acquisition
Coee Score (if Coee Farmers = 1) Cocoa Score (if Cocoa Farmers = 1)
Variables (1) (2) (3) (4) (5) (6) (7) (8)
Time*Friendship Network -0.0514***
(0.00571)
-0.112***
(0.00335)
-0.0955***
(0.000372)
-0.0668***
(0.000170)
Time*Advice Network (Peers) 0.292***
(0.00309)
0.295***
(0.00329)
-0.0129***
(0.000278)
-0.0277***
(0.0001)
Time*Advice Network (Ocial) 0.158***
(0.00369)
0.121***
(0.00127)
-0.289***
(0.00019)
-0.269***
(0.00038)
Friendship Network -0.102***
(0.00878)
-0.0747***
(0.0242)
0.0234***
(0.00727)
0.0770***
(0.00962)
Advice Network (Peers) -0.0445
(0.0526)
-0.0256
(0.0496)
0.0875***
(0.00681)
0.0937***
(0.00857)
Advice Network (Ocial) -0.294**
(0.127)
-0.236**
(0.0996)
-0.0448
(0.0291)
-0.0517
(0.0338)
Time (= 1 if Post-lecture) 2.623***
(0.0600)
1.364***
(0.0490)
2.322***
(0.0415)
1.662***
(0.0590)
1.444***
(0.00466)
1.444***
(0.00242)
1.278***
(0.00076)
1.605***
(0.00140)
Years of Experience of Coee Farmers 0.00163
(0.00382)
0.00108*
(0.00064)
0.00590
(0.00481)
-0.0021***
(0.000295)
Years of Experience of Cocoa Farmers 0.0121**
(0.00573)
0.0107**
(0.00474)
0.018***
(0.00687)
0.0151**
(0.00753)
Years of Education of Household Head 0.0842
(0.0785)
0.0861
(0.0774)
0.102
(0.0803)
0.0976
(0.0825)
0.123***
(0.00932)
0.111***
(0.00354)
0.129***
(0.0005)
0.121***
(0.00134)
Cultivated Farmland1 -0.000668
(0.410)
0.0510
(0.338)
-0.1050
(0.435)
0.0241
(0.341)
-0.2280
(0.147)
-0.1720
(0.127)
-0.308***
(0.0965)
-0.249***
(0.0943)
Possession of Motorbike2 1.083***
(0.111)
0.946***
(0.207)
1.172***
(0.0645)
1.062***
(0.206)
-0.1050
(0.637)
0.0466
(0.751)
-0.1190
(0.682)
0.0572
(0.722)
Possession of Mobile Phone2 -0.737**
(0.326)
-0.609**
(0.291)
-0.4690
(0.382)
-0.761***
(0.239)
-0.0668
(0.0904)
0.1550
(0.125)
0.0880
(0.164)
0.19400
(0.1300)
Living Nearby Extension Agents3 0.5140*
(0.304)
0.587**
(0.256)
0.630**
(0.299)
0.650***
(0.235)
-0.3610
(0.275)
-0.2650
(0.215)
-0.2300
(0.175)
-0.16300
(0.2330)
Trained Outside Hometown2 -0.4240
(0.724)
-0.2430
(0.644)
-0.3550
(0.728)
-0.3640
(0.675)
-0.218**
(0.110)
-0.236**
(0.110)
-0.300***
(0.0719)
-0.289***
(0.0707)
No. of Extension Agents Present During
Training
0.2810
(0.350)
0.2950
(0.311)
0.2590
(0.356)
0.3400
(0.301)
0.00785
(0.0188)
0.0553**
(0.0220)
0.000497
(0.00934)
0.0260***
(0.00618)
Constant 1.3440
(2.213)
0.8770
(2.246)
0.8560
(2.281)
1.0670
(2.201)
6.981***
(0.262)
6.152***
(0.284)
7.033***
(0.230)
6.005***
(0.394)
Observations 174 174 174 174 131 129 129 129
Number of year 2 2 2 2 2 2 2 2
R-squared 0.295 0.323 0.296 0.347 0.220 0.246 0.247 0.279
1(in Ha)
2(=1 if Yes)
3(within 15mins walking distance)
Results are based on Random-Eects estimation. Clustered robust standard errors are in parentheses. ***, **, and * signify statistical signicance at the 1%, 5% and 10% level, respectively.
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0.09 points for coee and cocoa farmers respectively. Even though for cocoa farmers,
those with friendship connections already have higher scores to begin with. This ndings
support Bandiera et al. (2010)’s study who nd that workers having no social ties with
their co-workers are signicantly more productive at work compared to those having
social ties. Years of education and years of experience cultivating cocoa also seem to
have signicant eects on test scores.
4.6.2 Eect of Network Position in a Community on Learning Performance
Delving deeper into farmers’ network structure in their respective farmers group, further
examination is conducted on how it aects learning during training. In Table 11, I found
that all three network variables, namely degree-, closeness-, and betweenness-centrality
are strongly correlated with higher test-scores for both coee and cocoa farmers respec-
tively. The highest possible closeness- and degree- centrality score attained is 1 if farmers
practically mention everyone in their farmers group as source of agricultural advice. Af-
ter the training, farmers who were close to all people in their group and listed everyone
as sources of advice, tend to obtain 1.3 points and 1.6 points higher respectively for coee
farmers, and 0.5 points and 0.04 points for cocoa farmers.
The result indicates that farmers with a high degree of centrality may be very
good at adapting themselves in unknown situation and environment thus sup-
porting the second hypothesis. Farmers who inhibit the central position in their com-
munities are found to possess innate abilities to do better problem-solving, making them
more productive during learning activities even in foreign environment.
4.7 discussion and policy implication
This chapter explores how farmers’ social network aects their information acquisition
ability. To serve the purpose, I conducted a quiz before and after agricultural training and
see how various social network variables inuence learning outcomes. I distinguished so-
cial network ties into bonding and bridging ties, as well as, looked at farmers’ network
structure within their farming group community. This study found that the number of
ties does correspond to better learning outcomes only to some extent, but an individ-
ual’s position in a farming community strongly relates to their ability for information
solicitation. Findings in details are discussed as follow:
First, friendship network during agricultural training may hurt learning per-
formance to some extent. Friendship network leads to lower knowledge acquisition
throughout the program for coee farmers, even though for cocoa farmers, those with
friendship networks have higher scores to begin with. Coee farmers may think that
they are familiar already with the farming practices, hence social ties during training
hurts their productivity and concentration. This nding is similar with Bandiera et al.
(2010) who found that social ties at work actually hurts productivity compared to not
having social ties at all.
As cocoa is a newer commodity, cocoa farmers may be more interested in the train-
ing; thus stronger learning eects can be spotted as farmers having more friendship ties
generally enjoy higher scores. Cocoa farmers with more friendship and peer-advice net-
works may possibly know cocoa production better relative to others; hence the increment
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Table 11: Eects of network position in farmers group on knowledge acquisition (only for farmers
who mentioned any group members as advice network)
Coee Score (if Coee Farmers = 1) Cocoa Score (if Cocoa Farmers = 1)
Variables (1) (2) (3) (4) (5) (6)
Time*Closeness Centrality 1.315***
(0.585)
0.526***
(0.000417)
Time*Out-degree Centrality 1.682***
(0.402)
0.0485***
(0.00108)
Time*Betweenness Centrality 4.044***
(0.198)
1.273***
(0.00907)
Closeness Centrality 4.121***
(0.725)
1.057***
(0.0116)
Out-Degree Centrality 1.399***
(0.499)
0.990***
(0.00827)
Betweenness Centrality -0.798***
(0.113)
2.493***
(0.635)
Time 1.869***
(0.367)
2.102***
(0.170)
2.336***
(0.0685)
0.857***
(0.00327)
1.128***
(0.00370)
1.064***
(0.00318)
Years of Experience of Coee Farm-
ers
0.00124
(0.00373)
0.00262
(0.00259)
0.00814**
(0.00355)
Years of Experience of Cocoa Farm-
ers
0.00569
(0.00351)
0.00667***
(0.00230)
0.0101
(0.00774)
Years of Education of Household
Head
0.0666
(0.0921)
0.0614
(0.0879)
0.0725
(0.0819)
0.0727***
(0.0124)
0.0668***
(0.00807)
0.0694***
(0.0188)
Cultivated Farmland1 -0.000938
(0.590)
-0.0322
(0.591)
-0.0411
(0.613)
-0.310**
(0.128)
-0.323**
(0.132)
-0.386***
(0.0872)
Possession of Motorbike2 1.394***
(0.0332)
1.372***
(0.0139)
1.305***
(0.00194)
-0.33200
(0.66600)
-0.33800
(0.69300)
-0.43500
(0.67600)
Possession of Mobile Phone2 -0.849**
(0.350)
-0.697**
(0.292)
-0.43800
(0.26900)
0.306***
(0.0854)
0.328***
(0.0848)
0.137***
(0.0236)
Living Nearby Extension Agents3 0.607***
(0.203)
0.623***
(0.231)
0.699**
(0.286)
-0.14800
(0.15500)
-0.18100
(0.16300)
-0.436*
(0.255)
Trained Outside Hometown2 -0.33100
(0.70400)
-0.26900
(0.72500)
-0.18500
(0.701)
-0.164*
(0.0880)
-0.170**
(0.0798)
-0.0741
(0.134)
No. of Extension Agents Present
During Training
0.15200
(0.475)
0.17300
(0.472)
0.17300
(0.461)
0.00443
(0.0182)
0.0114
(0.0189)
0.0277
(0.0270)
Constant -0.48500
(3.306)
1.07200
(3.150)
1.10000
(3.000)
7.021***
(0.320)
7.313***
(0.325)
7.596***
(0.346)
Observations 150 150 150 111 111 111
Number of year 2 2 2 2 2 2
R-squared 0.332 0.325 0.313 0.240 0.245 0.267
1(in Ha)
2(=1 if Yes)
3(within 15mins walking distance)
Results are based on Random-Eects estimation. Clustered robust standard errors are in parentheses. ***, **, and * signify statistical signicance
at the 1%, 5% and 10% level, respectively.
on the score from the training is signicantly smaller than others with fewer networks.
Those with fewer networks learn more during the training.
Friendship network such as those examined in this research represent the network
"capital" that farmers have. Unfortunately, this study has the limitation to quantify to
what extent fellow participants are communicating with their peers from the same com-
munity and to what extent the knowledge is transferred through communication during
the training.
Second, the quality of advice network upon information solicited matters for
learning facilitation to some extent depending on their years of experience.Mixed
ndings are found between coee and cocoa commodity. Further examination found sig-
nicant dierence in the years of experience of the advice network between these two
commodities, which may aect participants’ learning outcomes. Several possibilities arise
on why knowledge-seeking characteristics are dierent between coee and cocoa farm-
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ers, and more importantly, why advice network seems to have negative associations on
cocoa farmers’ information seeking behaviour during agricultural training:
1. For coee farmers, having government ocial as advice network is associated with
lower test-scores in general. As extension agents for coee commodity are tenured
government ocials and are much older than cocoa’s extension workers; they may
be less likely to get the newest update and innovations regarding coee practices.
This is why coee farmers who seek advice from extension agents generally obtain
lower scores, even though post-training, the scores are signicantly higher as coee
farmers are already familiar and adept with coee production.
2. Cocoa extension workers in the area are still inexperienced compared to coee
extension workers. The Gernas Kakao program, which was implemented in early
2011, assigned contract workers with degree in agricultural sciences. In Tanggamus
district, cocoa extension workers, despite being an ocial, are still considered less-
experienced. Most of cocoa extension workers are recently recruited and freshly
graduated. This probably explains why having network with cocoa extension work-
ers result in negative spillover on test scores.
Third, dierent pattern of knowledge acquisition behavior is identied, de-
pending on the nature and characteristics of the commodities. Coee is an old
commodity in the area and cocoa is relatively new. Many farmers, despite cultivating
cocoa and/or have converted some provisions of their farmland for growing cocoa, are
still not familiar with its farming practices. Majority planting cocoa can still be consid-
ered a "novice" compared to coee. This is why individual characteristics such as years
of education (ability) and years of cultivating (skill) become two important determinants
of cocoa test scores, while not so much on network.
Nevertheless, living nearby extension agents and possession of motorbike seem to
strongly inuence coee scores but not cocoa scores. Being an old commodity, the in-
crease in coee scores post-training is strongly aected by the possession of motorbike
and whether the farmers live nearby extension workers. Motorbike possession can be
considered a proxy for reaching "bridging ties" outside their neighbourhood to search for
new information, including to access possible information sources such as traders and
government workers.
On contrary, increase in cocoa scores post-training is inuenced by individual charac-
teristics such as years of education and possession of mobile phone. Mobile phone has
longer coverage than motorbike connecting farmers to outside world, indicating that the
tool can possibly be an information gathering means that could reach even better and
more advanced "bridging ties".
Fourth, one’s position in their network structure in a community contributes
positively to learning outcomes. Farmers who are in the central position in their farm-
ers group are strongly associated with higher test scores post-training. Farmers with a
high degree of centrality may be very good at facilitating problem-solving activities as
they are used to conduct eective coordination of actors and resources in their local
network. They are more adept in solving problem even in the previously unknown envi-
ronment, thus perform better in learning during agricultural training.
While it is easier for future information dissemination strategy to approach inuential
farmers to help distributing new information in their local community, networks which
have few members with very high centrality measures may have adversarial eects on
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learning, as it reduces the access of other actors to multiple sources of information (Abra-
hamson and Rosenkopf, 1997). Another implication from this study is that informants
serve as "bridging ties" should preferably be more experienced and advanced than the
advisee so that learning could be better facilitated and the risk of transferring wrong
knowledge could be minimized.
5
E F F E C T S O F VA R Y I N G T R A I N I N G L O C AT I O N S O N
A G R I C U L T U R A L T E C H N O L O G Y D I F F U S I O N , A D O P T I O N , A N D
S O C I A L N E T W O R K
5.1 introduction
Social learning has been the focus of interest in recent years and is becoming a norm
in disseminating knowledge and information regarding natural resource management
and policy (Reed et al., 2010; Muro and Jerey, 2008; Warner, 2007). Learning eects,
both from extension agents and from fellow farmers, exert signicant inuence over
technology-adoption decisions (Cramb and Culasero, 2003; Klerkx et al., 2010; Prell et al.,
2010; Moser and Barrett, 2003). Ties to extension agents, in particular, signicantly con-
tribute to improvements in smallholder farmers’ access to information, which will even-
tually culminate in their adoption of better agricultural practices (Tefera and Sterk, 2010;
Pretty et al., 2011; Yorobe et al., 2011). At the same time, learning from peers also con-
tributes signicantly to the decision to adopt a technology, even though the learning
direction is not clearly specied (Conley and Udry, 2010; Foster and Rosenzweig, 2010;
Matuschke and Qaim, 2009).
Several previous studies have examined social learning in formally organized settings
such as participatory workshops or similar activities (Schusler et al., 2003; Fitzpatrick
et al., 2008; Dalsgaard et al., 2005; Kijima et al., 2012). In principle, learning is triggered
when dierent stakeholders meet and interact with each other, and can be said to have
happened when a change is manifested in the attitudes and beliefs of those in participat-
ing in the session (Rodela, 2011). To date, many empirical studies involving social learn-
ing and technology adoption have been conducted; of those utilizing micro-level data, the
most notable are in Munshi (2004); Bandiera and Rasul (2006); Duo et al. (2008); Conley
and Udry (2010).
Despite many eorts to encourage technology adoption through social learning, nd-
ing ways to introduce methods of adoption to gradually alter the perception, attitudes,
and behavior of individuals and institutions involved has proven to be the key challenge
and a prescription for successful adoption (Glendinning et al., 2001). Existing literatures
on informal social learning are not adequate to explain the linkages between various
network mechanism and technology adoption, especially when social intervention such
as formal agricultural training is taken into equation. Formal institutions, such as insti-
tutionalized agricultural training conducted in this study is necessary to advance farm-
ers’ knowledge regarding better agricultural practices. However, adoption of technology
takes much more than simply the possession of knowledge, as adoption necessitates en-
couragements from many parties. Unfortunately, such mechanisms are yet to be fully
understood.
This study seeks to provide more evidence of the eect of institutionalized training
and the relationship of interplay between technology adoption and links to peers and
experts as well as to explore various social learning mechanism amongst peers and with
experts.
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The rst objective of this study is to examine the eect of social learning derived from
formal agricultural training conducted in dierent locations. It incorporates the location-
heterogeneity eects into its model to capture the dierent experiences obtained by par-
ticipating farmers. I examine technology adoption, and ties with experts and peers be-
tween groups who trained in their home locations versus those who trained far away.
By using such a methodology, I expect to see the corresponding eects of experiences
in dierent workshop locations via their dierent inuences on farmers’ social learning,
which will eventually be reected in their adoption behavior.
The second objective is to investigate the factors aecting agricultural-technology
adoption. The technologies I examine include soil- and water-conservation technology,
plant-rehabilitation technology (consisting of both side-cleft and bud grafting), and us-
age of chemical and organic fertilizers. All of the technology are considered very relevant
with the biophysical criteria of the study location and are important to increase produc-
tivity.
The third objective is to explore the possibilities whether farmers who occupy the
central position in their local neighborhood are more likely to acquire better knowledge
than farmers who inhabit the less central position. While ex-ante studies on network
mostly put emphasis on the number of ties (non-directional), this study oer unique
contribution to examine farmers’ directional ties within their locale.
The fourth objective is to test whether information diusion takes place from training
participants to non-training participants upon return. As farmers who undertook the
training will obtain more knowledge relative to their non-participating counterparts, I
expect to see the eects of training upon non-participating respondents and to explain
how such mechanism takes place.
I found that training in general helps enhance farmers’ knowledge regarding better
agricultural techniques. Farmers who participated in the training held at the most remote
location showed the largest impact of training, particularly in terms of the soil- and water-
conservation technique. I nd the evidence that training conducted on a neighboring
island actuates stronger social learning from extension agents and fellow farmers. This
interplay of social learning with peers and experts is consequently reected in farmers’
adoption behavior.
Mixed ndings are found between training participants’ centrality measures and the
knowledge to implement plant-rehabilitation technique. Although in general, regardless
of training participation, farmers who are more inuential in their locale have better
information processing hence are adept at embracing complex agricultural information
and pushing the usage of fertilizer.
Lastly, information spillover is found between training participants to non-participants
post training. Amongst all farmers in general, networking with inter-island training par-
ticipants is found to help increase likelihood to eventually use both organic and chemical
fertilizer. For the non-training participants, having ties with training participants are as-
sociated with higher likelihood to use the fertilizer to some extent.
The rest of the study is organized as follow: section 5.2 describes the conceptual frame-
work, section 5.3 describes Indonesia’s agricultural situation, section 5.4 presents the de-
scriptive statistics, section 5.5 discusses the estimation strategy, section 5.6 draws on the
estimation result, and section 5.7 concludes with discussions and policy implication.
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5.2 conceptual framework
This chapter aims to look at the eect of social learning as elicited from experiences in
dierent training locations upon the diusion and adoption of agricultural techniques. I
compare technology adoption and various network variables between groups who trained
in their home location versus those who trained in more remote places namely intra-
island and inter-island locations. My hypotheses are as follow:
Hypothesis 3: Attending an agricultural training will become more eective
for knowledge acquisition if the training is carried out at a remote place, farther
away from the participant’s original location.
Participants who travel away from their native community for the purpose of knowledge-
seeking are more likely to work harder upon returning from the training program. Train-
ing held in a remote location will strengthen participants’ relationships between others
from the same training group. For farmers living in an isolated rural district, going to a
faraway place to participate in formal training is indeed a challenge. These feelings of ad-
versity may generate deeper social learning among fellow participants in the inter-island
training category, relative to other participants who undertook training in more familiar
places, thus will result in stronger social learning with fellow farmers post-training. I
expect training participants who trained in remote-location to acquire better knowledge
regarding farming practices after returning from the training relative to those trained in
the nearby places.
Hypothesis 4: Farmers who train at an inter-island training location (most re-
mote area) will acquire the most knowledge and experience, and are therefore
the most likely to adopt new technology.
Knowledge is a pre-requisite for technology adoption, and is therefore becoming an ut-
most factor in driving the adoption. As inter-island training participants are expected to
acquire the most information, they are also possessing higher likelihood to adopt the tech-
nology due to the increased knowledge. Apart from the improved knowledge, training
held in remote-location with recreational activities embedded, will hypothetically moti-
vate farmers and change their attitudes. After returning from the training, these farmers
may talk more with their agricultural informants and increase the size and depth of their
rural network. The training experience may excite them to initiate communication with
others. Adoption needs encouragements from many parties in order to take place, hence
more network and ties are necessary to propel it.
For technologies that require some level of technical knowledge such as grafting meth-
ods, having direct and frequent contact with extension services increases the acquisition
of relevant knowledge (deGraft Johnson et al., 2014). Similar results that report a posi-
tive impaction between the contact with extension workers and the rate of technology
adoption can also be found in Amare et al. (2012). Inter-island training participants are
expected to enlarge their size of networks both with their peers and experts, namely ex-
tension workers. This stronger intensity of communication with agriculture experts will
exert technology adoption behavior post-training.
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Hypothesis 5: Farmers who occupy the central position will acquire the most
knowledge and are therefore the most likely to adopt new technology.
While many studies have examined the role of non-directional ties to actuate social
learning, such role of directional ties are rarely inspected. Information on the direction is
mandatory to appraise one’s importance in their local farming communities. An individ-
ual who nominates many people as their source of advice may be considered inuential,
as they are usually able to exchange information and ideas with their community mem-
bers and make others aware of their opinion. Agrarian actors who are central in their
network are usually prominent; thus are more likely to have better information process-
ing skill. Those who occupy the central position in their community are expected to have
better understanding regarding agricultural technology and therefore are more likely to
be an early adopter.
Hypothesis 6: Information spillover from training participants to non-participants
are present, which helps spur the diusion and adoption of technology for the
non-participants.
Upon returning from the training, training participants are expected to talk more with
their agricultural advice network as they may be likely to showcase the experience they
obtained from the training. As information is embedded in social interactions (Granovet-
ter, 1973), knowledge is also more plausible to be transferred from training participants
to non-participants. I expect to see knowledge improvement and more adoption for non-
training participants.
5.3 agriculture characteristics and techniqes
The area’s most prevalent problems are aged plantations and traditional farming sys-
tems. Thus, revitalization of these farms’ plants is deemed necessary. Most plantations
were the legacy of smallholders’ parents or grandparents, dating back to the early-20th-
century colonial era. Due to their old age, these plants are prone to nematodes as well as
infestations by fungi, unwanted weeds, and other potentially harmful organisms. Some
agricultural technologies such as bud grafting and side-cleft grafting were introduced in
2006 and 2008, respectively, to increase plants’ resistance to nematodes and to combine
plants’ good traits to rehabilitate and revitalize them. Rehabilitation can be carried out
by removal or replacement of existing unproductive trees via side grafting or bud graft-
ing. Side grafting involves utilizing scions from plants known for high yields and quality
beans for side grafting to existing unproductive trees. To foster successful grafting and
budding, farmers have to use healthy wood with active buds and make sure the bud wood
is of the right age and thickness for the rootstock. In addition, grafting should not be done
in very hot or very wet seasons.
Farmers are also encouraged to use dead-end trench as the medium of water absorption
and containment for plant remains such as pruned leaves or leaf litter. The dead-end
trench is around 50 cm × 30 cm wide and around 30 cm deep. While digging the holes,
contact with the coee plants causes rejuvenation of the hair roots, stimulating their
growth. Extension agents encourage both these practices in the district, as they are part
of the nationwide government program to boost productivity of coee and cocoa farming.
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Table 12: Training participation rate
Non-invited
respondents
Invited by lottery Training partici-
pation rate
Participating
respondents
Non-participating
respondents
Training in home-
town
39 (12.5%) 13 (4.2%) 75%
Training in intra-
island
39 (12.5%) 13 (4.2%) 75%
Training in inter-
island
42 (13.5%) 10 (3.2%) 81%
Total 156 (50%) 120 (38.5%) 36 (11.5%)
Grand Total 312
Furthermore, fertilizer use is highly encouraged by extension agents, to maintain gen-
eral tree health and increase crop production. Organic fertilizer use is highly promoted,
as strict regulations exist regarding the levels of chemical substances allowed for coee
and cocoa beans eligible for export to the international market. Farmers are becoming
less dependent upon chemical fertilizer as extension services have advocated use of or-
ganic fertilizer. The most prevalent organic fertilizers used in the area are made of goat
and cow manures as well as green compost.
This study focuses on analyzing the adoption of each technology individually, namely
dead-end trench or soil- and water-conservation technique, the grafting method or plant-
rehabilitation technique, and the use of both chemical and organic fertilizers.
5.4 descriptive statistics
5.4.1 Descriptive Statistics of Training Participants
The baseline survey is conducted in September 2012. In April 2013, I randomly invited
156 farmers to participate in three days training: the rst and second day would be the
lecture on coee and cocoa cultivation respectively, and the last day would be pilot farm
visit, eld trip, and visit to prominent farmers’ farmland. Out of 156 invited, 52 farmers
are invited to training located in their hometown, 52 farmers are invited to intra-island
location, and the rest 52 are invited to inter-island location in the neighboring Java island.
On the day of the training, 39 farmers showed up for hometown training, 39 farmers came
for intra-island training, and 42 participated in inter-island training, as shown in Table
12.
Table 13 displays the general household characteristics of the invited and uninvited
groups to conrm the randomization process. On average, invited farmers have fewer
adults in the family. Education, income, and community characteristics do not dier be-
tween invited and uninvited farmers, which indicate that the randomization works well.
Household heads in the district are generally in their 40s, indicating that majority are
young families. Average years of education of household head is 8 years, suggesting that
most did not complete their middle school education (junior high school). More than half
of the household head are second generation migrants from Java island, even though most
of them never visit Java island. Almost all farmers employ labor for agricultural works
and possess at least one mobile phone or motorbike. Only around 28 farmers out of 312
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Table 13: Descriptive statistics of the invited and uninvited farmers
All Invited for
training
(all)
Invited for
training
(home-
town)
Invited for
training
(intra-
island)
Invited for
training
(inter-
island)
Non-
invited for
training
Mean
dierence
Invited
(all) vs.
Non-
Invited for
training
Household Characteristics
Age of Household head 45.07
(11.57)
44.05
(11.01)
44.66
(10.86)
42.22
(11.61)
45.30
(10.40)
46.06
(12.04)
-2.01
Years of schooling of house-
hold head
8.390
(3.48)
8.240
(3.27)
8.410
(3.58)
8.220
(3.03)
8.000
(3.29)
8.540
(3.69)
-0.29
No. of adult in the family (15-
64 years old)
3.000
(1.33)
2.840
(1.23)
2.700
(0.944)
2.670
(1.12)
3.160
(1.51)
3.1600
(1.40)
-0.318**
Log of cultivated farmland -0.165
(0.75)
-0.177
(0.681)
-0.17
(0.67)
-0.30
(0.687)
-0.05
(0.67)
-0.153
(0.828)
-0.02
No of cattle owned 0.189
(0.713)
0.131
(0.535)
0.02
(0.141)
0.215
(0.701)
0.156
(0.578)
0.245
(0.847)
-0.113
Log of estimated animal value 12.25
(5.31)
12.19
(5.41)
12.35
(5.22)
12.00
(5.81)
12.28
(5.24)
12.31
(6.441)
-0.115
Log of farm income 16.19
(1.28)
16.23
(1.26)
16.17
(1.56)
16.05
(1.15)
16.46
(0.98)
16.16
(1.31)
0.073
Hired labor1 0.9700
(0.15)
0.9800
(0.11)
0.96
(0.196)
1.0000
(0.000)
1.0000
(0.000)
0.962
(0.191)
0.024
Native1 0.067
(0.251)
0.085
(0.28)
0.137
(0.347)
0.098
(0.30)
0.019
(0.14)
0.050
(0.219)
0.035
Second generation migrant1 0.623
(0.485)
0.618
(0.486)
0.6200
(0.48)
0.607
(0.493)
0.627
(0.488)
0.628
(0.484)
-0.010
No. of Mobile Phone 1.500
(1.14)
1.420
(1.05)
1.450
(9.23)
1.25
(0.976)
1.580
(1.21)
1.572
(1.21)
-0.144
No. of Motorbike 1.300
(0.84)
1.350
(0.90)
1.450
(0.91)
1.23
(0.838)
1.390
(0.96)
1.250
(0.78)
0.097
Plot Characteristics
Distance to farmland2 22.09
(46.16)
24.66
(62.01)
20.47
(19.30)
18.47
(20.72)
34.46
(102.12)
19.62
(21.93)
5.04
Community Characteristics
Walking distance to unpaved
road2
1.420
(3.56)
1.670
(4.06)
2.050
(5.05)
1.660
(4.05)
1.280
(2.76)
1.180
(3.01)
0.49
Walking distance to paved
road2
3.370
(7.06)
3.590
(6.97)
3.280
(5.51)
3.090
(6.47)
4.340
(8.59)
3.160
(7.15)
0.43
Total no of observation 312 156 52 52 52 156
1(=1 if Yes)
2(in minutes)
Standard deviations are in parentheses. ***, **, and * signify statistical signicance at the 1%, 5% and 10% level, respectively.
Data is taken in the period of 2012 (during the baseline survey).
own cattle.
Meanwhile, Table 14 shows the characteristics of invited farmers who joined the train-
ing and who didn’t participate in the training. Major dierence between this group only
lies on the walking distance to farmland (in minutes), with those who didn’t come to the
training have approximately 30 minutes longer of walking distance compared to those
who joined the training.
Two professional trainers from the Indonesian Coee and Cocoa Research Institute
(ICCRI) were invited to provide lectures during the rst two days. The trainers provided
the training materials. The trainers and training-program materials were identical at each
location. I ensured that all training locations oered similar environments. The in-class
training materials for coee and cocoa on the rst and second days consisted of basic
cultivation training, such as (1) ways to select high-yield varieties, plant the seeds cor-
rectly, and maintain them; (2) information on shade trees and crop management; (3) con-
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Table 14: Descriptive statistics of the participating vs non-participating invited farmers
All Invited Invited and Par-
ticipated
Invited But
Didn’t Partici-
pate
Mean Dierence
Household Characteristics
Age of Household head 44.05 (11.01) 43.87 (10.49) 44.68 (12.86) -0.811
Years of schooling of household
head
8.24 (3.27) 8.18 (3.33) 8.468 (3.06) -0.282
No. of adult in the family (15-64
years old)
2.84 (1.23) 2.787 (1.198) 3.030 (1.355) -0.243
Log of cultivated farmland -0.177 (0.681) -0.203 (0.701) -0.083 (0.601) 0.120
Log of estimated animal value 12.19 (5.415) 12.041 (5.495) 12.76 (5.155) -0.724
Log of farm income 16.23 (1.263) 16.20 (1.137) 16.34 (1.650) -0.138
Hired labor1 3 (2.19) 2.882 (2.151) 3.424 (2.332) -0.5418
Native1 0.0855 (0.2805) 0.0840 (0.2786) 0.0909 (0.2919) -0.006
Second generation migrant1 0.618 (0.4873) 0.6302 (0.4847) 0.575 (0.5018) 0.0544
No. of Mobile Phone 1.427 (1.052) 1.436 (1.022) 1.393 (1.170) 0.0430
No. of Motorbike 1.355 (0.901) 1.327 (0.844) 1.454 (1.092) -0.1268
Plot Characteristics
Distance to farmland2 24.669 (62.161) 18.36 (18.328) 49.241 (131.63) -30.87**
Community Characteristics
Walking distance to unpaved road2 1.678 (4.061) 1.671 (3.624) 1.702 (5.423) -0.030
Walking distance to paved road2 3.594 (6.978) 3.908 (7.538) 2.4612 (4.306) 1.447
Total no of observation 156 120 36
1(=1 if Yes)
2(in minutes)
Standard deviations are in parentheses. ***, **, and * signify statistical signicance at the 1%, 5% and 10% level, respectively.
Data is taken in the period of 2012 (during the baseline survey).
cepts of agricultural technology such as side-cleft and bud grafting or plant rehabilitation
technique (as shown in Figure 11), and dead-end trench or soil- and water-conservation
technique (as indicated in Figure 12); and (4) information on fertilizer, including ways to
procure organic fertilizers from livestock and to make compost (as depicted in Figure 13).
The third day primarily consisted of a pilot-farm visit. At the pilot farm the trainers
showed the correct ways to do both side-cleft and bud grafting, as well as giving prac-
tical information on how to maintain a plantation using the situation and conditions in
the pilot farm as an example. The farmers could also observe many ways to maintain
their farmland by making dead-end trench, as well as learn how to make organic fertil-
izer using animal manure and compost. For the case of pilot farm visit in intra- (South
Lampung district) and inter-island-located training (Garut and Ciamis district), selected
inuential farmers in the area were invited by the district government to facilitate dis-
cussion and networking with training participants who came from Tanggamus district.
These informal introduction enable farmers to exchange mobile numbers and allow fu-
ture correspondence and cooperation.
5.4.2 Descriptive Statistics of Agricultural Technologies and Social Network
Post-evaluation surveys were conducted twice, rst in September 2013 then in September
2014. In total, I managed to obtain a panel dataset covering three years. Table 15 shows
whether adoption behavior changed due to training participation on average. In general,
all respondents reported a signicant increase in the diusion and adoption of dead-end
trench by 4.2% and 6.9% respectively, as well as a signicant decline (17.2%) in the usage
of chemical fertilizer. The upsurges are attributed to the signicant increase in knowl-
edge and adoption of new techniques by training participants, and not so much by the
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Figure 8: Dead-end trench (Rorak) methods 
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non-participants. After the training period, diusion and adoption of technologies are
stronger on training participants compared to non-training participants.
Lastly, Table 16 illustr tes various social network variables. After the training, home-
town and intr -island training participants alked l ss with hei sources of information
who did not attend training and who belonged to a dierent training group, respectively.
In contras , inter-island training participa ts met with their agricultural-advice-n twork
sources signica tly more frequently.
5.5 empirical methodology
5.5.1 Estimation Strategy
This study attempts to support the regional government’s eort to promote the commod-
ity revitalization program by increasing farmers’ awareness of grafting and dead-end
trench techniques and to propel adoption of those techniques. In the estimation strategy,
I distinguish between adoption into diusion of knowledge on the one hand, and imple-
mentation of knowledge, which was the framework rst introduced by Todo et al. (2011).
Diusion is dened as "the process in which an innovation is communicated through cer-
tain channels over time among the members of a social system" (Rogers and Sheppard,
2010), and is a prerequisite of technology adoption. Therefore, the dependent variables
are (1) knowing the technology and (2) adopting technology predicated on the condition
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Table 15: Descriptive statistics of the technology diusion and adoption prior to and after the training
Variables Before Train-
ing
After Train-
ing
Dierence
(all farmers)
Before Train-
ing
After Train-
ing
Dierence
(training
participant)
Before Train-
ing
After Train-
ing
Dierence
(non-
training
participant)
Before Train-
ing
After Train-
ing
All farmers All farmers Training par-
ticipant
Training par-
ticipant
Non-
Training
participant
Non-
Training
participant
Dierence
(Training
Participant
vs Non-
training
Participant)
Dierence
(Training
Participant
vs Non-
training
Participant)
Knowing Water Conserva-
tion Technique1
0.878 (0.327) 0.920 (0.270) 0.042** 0.871 (0.335) 0.948 (0.222) 0.076** 0.882 (0.322) 0.903 (0.295) 0.020 -0.011 0.044**
Knowing Grafting1 0.897 (0.304) 0.891 (0.312) -0.0064 0.915 (0.025) 0.941 (0.235) 0.025 0.885 (0.023) 0.859 (0.348) -0.026 0.0305 0.081***
Adopting Soil and Water
Conservation Technique1
0.75 (0.429) 0.826 (0.379) 0.069** 0.747 (0.436) 0.857 (0.350) 0.109** 0.762 (0.426) 0.805 (0.396) 0.033 -0.014 0.052
Adopting Grafting1 0.845 (0.361) 0.827 (0.377) -0.017 0.857 (0.351) 0.865 (0.342) 0.0084 0.838 (0.368) 0.804 (0.396) -0.043 0.018 0.060*
Current usage of chemical
fertilizer1
0.733 (0.025) 0.561 (0.496) -0.172*** 0.680 (0.468) 0.529 (0.500) -0.151*** 0.765 (0.424) 0.580 (0.494) -0.184*** -0.084 -0.051
Current usage of organic
fertilizer1
0.720 (0.449) 0.734 (0.441) 0.0144 0.739 (0.440) 0.768 (0.422) 0.0294 0.708 (0.455) 0.713 (0.452) 0.005 0.031 0.055
1(=1 if Yes)
Standard deviations are in parentheses. ***, **, and * signify statistical signicance at the 1%, 5% and 10% level, respectively.
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Table 16: Summary statistics of farmers’ network
All Farmers All Participants Participants Attended Participants Attended Participants Attended Non-participants
(Participants and Hometown Training Intra-Island Training Inter-Island Training
Non-participants)
Before
Train-
ing
After
Train-
ing
Di Before
Train-
ing
After
Train-
ing
Di Before
Train-
ing
After
Train-
ing
Di Before
Train-
ing
After
Train-
ing
Di Before
Train-
ing
After
Train-
ing
Di Before
Train-
ing
After
Train-
ing
Di
Number of source of agri-
cultural information who
went to the same training
location
0.563
(0.860)
0.441
(0.67)
-0.12 0.512
(0.913)
0.358
(0.580)
-0.153 0.605
(0.886)
0.473
(0.60)
-0.131 0.571
(0.800)
0.488
(0.813)
-0.08
Number of agricultural
information source who
went to the dierent
training location
0.890
(0.95)
0.760
(1.04)
-0.13 0.948
(1.122)
1
(1.319)
0.051 0.973
(0.884)
0.684
(0.79)
-0.29* 0.761
(0.849)
0.607
(0.918)
-0.154
Number of agricultural in-
formation source who did
not go to the training1
3.74
(3.13)
3.327
(2.35)
-0.42 4.051
(3.24)
3.050
(2.14)
-1** 3.63
(2.79)
3.47
(2.49)
-0.157 3.57
(3.351)
3.452
(2.421)
-0.119
Meet frequently with
agricultural information
source2
0.138
(0.34)
0.170
(0.38)
0.032 0.142
(0.35)
0.189
(0.39)
0.046 0.205
(0.409)
0.192
(0.396)
0.013 0.157
(0.369)
0.171
(0.38)
0.013 0.071
(0.260)
0.202
(0.404)
0.13* 0.135
(0.34)
0.158
(0.36)
0.023
Know extension agent and
have frequent contact3,4
0.225
(0.42)
0.202
(0.40)
-0.022 0.210
(0.41)
0.260
(0.44)
0.050 0.256
(0.442)
0.256
(0.442)
0 0.210
(0.413)
0.210
(0.41)
0 0.166
(0.377)
0.3095
(0.467)
0.142* 0.234
(0.42)
0.166
(0.37)
-0.07
**
Know professional
trainers3,4
0.00
(0.000)
0.1860
(0.3890)
0.186** 0.000
(0.000)
0.4150
(0.4940)
0.415*** 0.000
(0.000)
0.282
(0.455)
0.28*** 0.000
(0.000)
0.54
(0.505)
0.54** 0.00
(0.00)
0.428
(0.500)
0.42*** 0.00
(0.000)
0.038
(0.192)
0.038***
Know bridging ties:
farmers who lived in
intra-island (South Lam-
pung district)3,4
0.000
(0.000)
0.059
(0.237)
0.059*** 0.000
(0.000)
0.152
(0.361)
0.152*** 0.000
(0.000)
0.000
(0.000)
0 0.000
(0.000)
0.459
(0.505)
0.459*** 0.000
(0.000)
0.02
(0.154)
0.02 0.00
(0.000)
0.000
(0.000)
0.00
Know bridging ties: farm-
ers who lived in inter-
island (Garut or Ciamis
district)3,4
0.000
(0.000)
0.1670
(0.683)
0.167*** 0.000
(0.000)
0.344
(0.976)
0.344*** 0.000
(0.000)
0.300
(1.160)
0.302 0.000
(0.000)
0.142
(0.505)
0.142 0.000
(0.000)
0.531
(0.018)
0.531*** 0.000
(0.000)
0.052
(0.337)
0.052**
Out-degree Centrality5 0.303
(0.195)
0.232
(0.157)
-
0.07***
0.295
(0.203)
0.241
(0.170)
-
0.05**
0.286
(0.218)
0.253
(0.198)
0.032 0.297
(0.148)
0.218
(0.136)
-
0.07**
0.303
(0.236)
0.252
(0.170)
0.05 0.309
(0.190)
0.226
(0.146)
-
0.08***
Out-closeness Centrality5 0.55
(0.117)
0.580
(1.02)
0.025 0.541
(0.126)
0.550
(0.151)
0.003 0.540
(0.131)
0.602
(0.190)
0.005 0.537
(0.098)
0.526
(0.144)
-
0.0107
0.557
(0.147)
0.521
(0.092)
-0.036 0.560
(0.1119)
0.600
(1.310)
0.0400
Betweenness Centrality5 0.061
(0.088)
0.068
(0.107)
0.08 0.062
(0.097)
0.079
(0.125)
0.017 0.067
(0.136)
0.084
(0.144)
0.0167 0.062
(0.066)
0.071
(0.101)
0.005 0.05
(0.075)
0.083
(0.127)
0.031 0.059
(0.821)
0.0612
(0.0931)
0.0013
Total no of observation 312 624 120 240 39 78 39 78 42 84 192 384
1(May or may not be farmers)
2(Meet at least once every 2 weeks, = 1 if Yes)
3(Have contact at least once every 2 weeks, = 1 if Yes)
4(Only available in 2012 and 2013)
5(Only applicable for those who listed farmers group members as agricultural informants)
Standard deviations are in parentheses. ***, **, and * signify statistical signicance at the 1%, 5% and 10% level, respectively.
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of knowing it. "Knowing" means having knowledge of how to implement the techniques,
while "adopting" means having successfully implemented the technologies in one’s own
farmland. Both are constructed as dummy variables. Delving deeper, this study distin-
guishes between the impact of the training in general, and the impact of location hetero-
geneity.
As is always the case with impact-evaluation studies, participation in training is likely
to cause a self-selection bias. Although I randomly invited farmers to each training locale,
and Table 12 shows that on average no dierences exist between invited and non-invited
farmers, the decision of whether to participate in training is ultimately the farmer’s
choice and thus the model may suer from endogeneity in this variable. To examine the
pure eect of training participation, I employ the Local Average Treatment Eect (LATE)
model and instrument the participation status with random invitation status. Thus, I re-
port the treatment eect on the treated (TOT) rather than the intention-to-treat (ITT)
eects. The results of ITT, which are very similar to the TOT estimation I present here,
are available upon request.
Among the models tested are the Fixed-Eect and Random-Eects instrumental vari-
able models. However, due to the Hausman-test result in most of the regression result,
which supported the validity of employing the Random-Eects model, in addition to the
ability to t more into the data and the analysis, I decided to employ the Random-Eects-
IV model as follows:
1. Eects of Training on Agricultural Technology Diusion
KnowTECH
j
i,t = α+β1Trainingi,t ∗Post2013+β2Trainingi,t ∗Post2013∗Locationl+
β3Post2013+β4Trainingi,t +β5Trainingi,t ∗ Locationl + ui +wi,t
2. Eects of Training on Agricultural Technology Adoption on Condition of Knowing it
AdoptTECH
j
i,t = α + β1Trainingi,t ∗ Post2013 + β2Trainingi,t ∗ Post2013 ∗
Locationl + β3Post2013+ β4Trainingi,t + β5Trainingi,t ∗ Locationl + ui +wi,t
if Diffusioni,t = 1
where j is the measured crop technologies (j = dead-end trench, grafting methods,
and organic and chemical fertilizer), and i is the household head in year t. In Estimation
1, the dependent variable is technology diusion, or the dummy variable of "Knowing"
the technology for grafting and dead-end trench methods. The independent variable is
the interaction term between the training participation dummy and the year of post-
2013, which aims to reveal the eects of training upon adoption, and the interaction
term of the training participation dummy, the year of post-2013 and location l dummy
(hometown, intra-island, and inter-island), whose purpose is to examine the impact of
location heterogeneity. Estimation 1 is also being used to test usage of chemical and
organic fertilizer in the last harvest. I do not check knowledge of fertilizers prior to their
usage as they are already common in the area.
In Estimation 2, the dependent variable is technology adoption, or the dummy vari-
able of "Adopting" the technology predicated on the condition of "knowing" it. Adopting
means having ever implemented the techniques in their farmland, depending upon the
condition of knowing them previously.
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To examine the factors driving the dierence in technology adoption, I analyze how
farmers’ social networks have changed due to training and how this network contributes
to the diusion and adoption of agricultural technologies. For this I have the following
model:
3. Eects of Training on Various Network Variables
Networki,t = α+β1Trainingi,t ∗Post2013+β2Trainingi,t ∗Post2013∗Locationl+
β3Post2013+β4Trainingi,t +β5Trainingi,t ∗ Locationl + ui +wi,t
In Estimation 3, the dependent variable is various social network variables. Sometimes,
farmers like to discuss farming with other people, and these variables are employed to
capture farmers’ personal networks. To report on these variables, farmers have to recall
the names of people outside their household from whom they seek advice, can learn from,
or from whom they can generally obtain useful information about farming practices, par-
ticularly about coee and/or cocoa. In this study, I am trying to investigate the impact of
the training upon four personal-network variables, namely:
(AN1) Training participants’ agricultural advice network upon returning from
the training
In this case, I am examining the possibility of whether training participants increase their
communication intensity with fellow farmers who went to the same training group, a dif-
ferent training group, or farmers who did not go to the training at all.
(AN2) Training participants’ personal network with bridging ties upon return-
ing from the training
Training participants are exposed to bridging ties, or people outside their community
who may help connecting farmers to ’outside world’ and transferring information to
farmers’ local neighborhood. Professional trainers and inuential contact farmers in the
intra- and inter-island training location can possibly serve as bridging ties.
Professional trainers were introduced to the participants during the course of the train-
ing. In the end of the training program, trainers gave their mobile numbers so farmers
can access them personally if they need help with their farming practices. In addition,
inuential contact farmers were introduced to the farmers who undertook training in
intra-island and inter-island training locations during the pilot farm visit. During the
visit, participants are able to exchange mobile number with these contact farmers, en-
abling future correspondence and cooperation to take place after the training program
ends.
These variables examine whether farmers have enlarged their network to reach infor-
mants outside their community, whether they "know" some bridging ties as the source of
advice and maintain communication with them. "Knowing" has to be mutual. If a farmer
testies that they know a person, then that person should also know that farmer. "Know-
ing" also means that the farmer can directly contact the person when needed. Data on
networking with bridging ties are only available in 2012 and 2013.
(AN3) Farmers’ meeting frequency with their agricultural informants
Besides investigating the eect of the training upon trained farmers’ networks, I am also
looking at whether training increased the frequency of meetings with their sources of
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agricultural information in general.
(AN4) Farmers’ network ties with agriculture specialists
In addition to peer networks, I am also trying to examine farmers’ frequency of commu-
nication with agricultural experts, namely extension agents. Extension agents are chosen
because they are accessible and regarded as more advanced sources of information than
fellow farmers. In addition, extension agents possess more knowledge and often advise
farmers on good practice. However, data on networking with experts are only available
for 2012 and 2013.
4. Eects of Network Position on Information Diusion and Technology Adoption
Previously, Chapter 4 concludes that one’s position in their locale matters for learning
outcomes, as farmers who occupy the central position in their network tend to have bet-
ter information processing ability during institutionalized training. This part intends to
see whether such eects are present in the diusion and adoption of agricultural tech-
nology.
Network position is measured based on information regarding advice network from in-
side the farmers group (peers advice network). In group-level, farmers testify whom they
obtained information from or talked to regarding agricultural practices, so the direction is
outward. Network position can help explain the individual level of importance and inu-
ence within the group. The information needed to construct the centrality is the identier
of the individual who initiated the advice seeking (source) and the identier of the individ-
ual who serves as the target of the advice seeking (target) from each farmers group that
become the unit of the study. Three kinds of centrality measures are computed, namely
degree-centrality, closeness-centrality and betweenness centrality (see Section 4.5 for ref-
erence).
Some limitations persist when analyzing network positions in panel analysis: farmers
have to list farmers group members as agricultural advice network in three consecutive
years. If farmers did not mention any group members in some of the years, then the cen-
trality measures during those years cannot be obtained. When this happens, all the three
years observations of those farmers cannot be taken into account in the panel analysis.
Network position is likely to be correlated with other individual-specic unobserved vari-
ables that positively impact technology diusion and adoption. Therefore, the between
eect (and the estimate from the random intercept model, which is a weighted average
of the between and within estimates, may overestimate the eect of network position
(Wooldridge, 2010). In such cases, a correlated random-eects model becomes an alterna-
tive because of it can estimate the within eects in random eect models (Allison, 2009;
Schunck, 2013; Mundlak, 1978). I perform the correlated random eects model as follow:
KnowTECH
j
i,t = α+β1Centrality ∗ Trainingi,t ∗ Post2013+
β2Centrality+ β3Trainingi,t ∗ Post2013+ β4Post2013+ β5Trainingi,t + pixi +
ui +wi,t if Agricultural Advice Network > 0
Estimation 4 examines the eects of training participants’ network position in their
local neighborhood on the diusion and adoption of technology post training using the
correlated random eects (CRE) model. The CRE model relaxes the assumption of zero
correlation between the level 2 (for example, subject) error and the level 1 (for example,
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occassions) variables by adding the cluster mean of xi,t which picks up any correlation
between this variable and the level 2 error (Mundlak, 1978; Wooldridge, 2010).
Therefore, in this estimation, the variable of interest isCentrality∗Trainingi,t ∗Post2013.
Eects of centrality measures in general on the diusion and adoption process are also
represented in Centrality variable.
5. Information Spillover from Training Participants to Non-training participants
KnowTECH
j
i,t = α+β1NetworkwithTrainingParticipants ∗ Post2013+
β2NetworkwithTrainingParticipants+β3Trainingi,t ∗Post2013+β4Trainingi,t ∗
Post2013∗Locationl+β5Post2013+β6Trainingi,t+β7Trainingi,t ∗Locationl+
ui +wi,t if Non-training Participants = 1
In Estimation 5, I particularly examine the spillover of training participants on technol-
ogy diusion and adoption to non-participants post training. For this estimation, the main
variable of interest is network with training participants after the training or Network
withTrainingParticipants ∗ Post2013, which are constructed as farmers’ agricul-
tural advice network who attended the training. Social network variable may possibly
be endogenous because those who adopt may be inuential thus already having more
networks to begin with. Furthermore, this variable is treated as an independent variable
in further analysis. To deal with endogeneity, social network with training participants
is instrumented with social network with farmers who are invited to the training, as in-
vitation to attend the training is randomized.
5.6 results
5.6.1 Eects of Training on Agricultural Technology Diusion and Adoption
The inuence of training in general upon the diusion and adoption of all technologies
individually is shown in Table 17. Column 2 shows that the probability of knowing graft-
ing methods increased by 9.9 percentage points for training participants. Grafting is a
more complicated technique, as the joining has to be done before the rainy season. The
grafted point is then bound with tape and has to be checked regularly to prevent dehy-
dration and germs. Training participants in general seem to have signicantly beneted
from the training as they managed to obtain accurate knowledge of grafting. However,
I found that the nancial access may have contributed to the adoption of organic fertil-
izer and grafting technique. Number of motorbike seems to have been associated with
adoption of grafting technique as well as organic fertilizer, while availability of mobile
phone in the households may have been correlated positively with the adoption of the
former. These may indicate that access to information from outside the community may
have been important in explaining the cause of grafting adoption, as mobile phone and
motorcycle may serve as a proxy for facilitating access to external sources.
The usage of chemical fertilizer also signicantly diminished in the second-year post-
training by 25.8 percentage points, even though training did not contribute to this eect.
The eect of the training, however, does not seem to help in improving diusion and
adoption of the remaining techniques.
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Table 17: The inuence of training on technology adoption
Variables Knowing
soil and
water con-
servation
technique
Knowing
grafting
methods
Adopting
soil and
water con-
servation
technique on
condition of
knowing it
Adopting
grafting
method on
condition of
knowing it
Currently us-
ing organic
fertilizer
Currently us-
ing chemical
fertilizer
(1) (2) (3) (4) (5) (6)
Training*Post 2013 0.0741
(0.0478)
0.0989**
(0.0488)
0.0275
(0.0540)
-0.0332
(0.0421)
0.00133
(0.0708)
-0.00854
(0.0739)
Training (1 = Yes) -0.0189
(0.0426)
-0.01500
(0.0447)
0.00274
(0.0504)
0.0168
(0.0407)
0.0735
(0.0635)
-0.0562
(0.0687)
Year of 2013 0.0237
(0.0287)
-0.0485*
(0.0290)
0.0275
(0.0323)
-0.00860
(0.0259)
0.0179
(0.0421)
-0.0778*
(0.0439)
Year of 2014 -0.00196
(0.0290)
-0.0539*
(0.0291)
0.0275
(0.0330)
0.0182
(0.0261)
-0.0171
(0.0422)
-0.258***
(0.0441)
ROSCA (=1 if Yes) 0.0733
(0.0797)
0.144*
(0.0768)
-0.0418
(0.0992)
0.0521
(0.0852)
0.257**
(0.113)
-0.00573
(0.127)
No of Motorcycle owned 0.0147
(0.0128)
0.0440***
(0.0121)
-0.00821
(0.0147)
-0.000456
(0.0116)
0.0598***
(0.0176)
0.0156
(0.0192)
Mobile Phone Dummy -0.0138
(0.0304)
0.106***
(0.0293)
0.0543
(0.0350)
0.00168
(0.0286)
0.0414
(0.0428)
0.0226
(0.0459)
Living Nearby Extension
Workers
0.00291
(0.0264)
0.0248
(0.0267)
0.0666**
(0.0303)
0.0289
(0.0253)
-0.0600
(0.0390)
0.0457
(0.0423)
Constant 0.805***
(0.0848)
0.612***
(0.0812)
0.850***
(0.105)
0.859***
(0.0891)
0.342***
(0.119)
0.711***
(0.133)
Observations 898 933 800 833 933 933
Number of hhid 311 311 306 309 311 311
P-value of Hausman Test 0.0000 0.0685 0.0237 0.2371 0.6758 0.5809
Estimation is based on Random-Eects Instrumental Variable models. Standard errors are in parentheses. ***, **, and * signify statistical
signicance at the 1%, 5% and 10% level, respectively. All training dummy is instrumented by all lottery (invitation) result.
Table 18 displays the eect of location heterogeneity upon technology diusion and
adoption. Column (3) indicates a signicant upsurge of adoption of dead-end trench by
farmers attending the inter-island training location by 18.5 percentage points. I also nd
that farmers who trained in the inter-island location may have stronger prior knowledge
of dead-end trench, as shown in Column 1. In addition, column 1 shows that training
increased the participating farmers’ knowledge of dead-end trench by 15.1 percentage
points relative to non-participants. These indicate that the inter-island training helped
participants reach the next stage of actually implementing the knowledge they have by
adopting the practices to some extent.
For grafting techniques and fertilizer usage, I did not nd any signicant factors. I
can oer several reasons why adoption of dead-end trench is stronger than that of the
grafting methods. First, grafting is more technical and complicated, as it must be done in
a very specic time-frame, while the dead-end trench method is not time-specic. Second,
grafting is more time consuming, as farmers have to maintain the joint plant, which is
prone to attracting insects and germs. On the usage of organic fertilizer, only 28 out of
312 farmers own cattle for procuring animal manures. Extension agents also reported that
farmers tend to buy organic fertilizer than compose it, making both the usage remained
low even after the training taught them how to make compost.
This section shows that training, regardless of location, does improve knowl-
edge, indicating that the third hypothesis may not be supported. When training
materials and environment are kept identical throughout the programs, knowledge ob-
tained does not vary much. This study also provides evidence that formal training helped
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Table 18: Locational heterogeneity in the training impact on technology adoption
Variables Knowing
soil and
water con-
servation
technique
Knowing
grafting
methods
Adopting
soil and
water con-
servation
technique on
condition of
knowing it
Adopting
grafting
method on
condition of
knowing it
Currently us-
ing organic
fertilizer
Currently us-
ing chemical
fertilizer
(1) (2) (3) (4) (5) (6)
Training*post 2013*intra-island -0.116
(0.0818)
-0.0380
(0.0726)
0.0655
(0.0970)
0.0940
(0.0743)
-0.0942
(0.121)
-0.0732
(0.131)
Training*post 2013*inter-island -0.114
(0.0787)
-0.0197
(0.0687)
0.185**
(0.0923)
0.0822
(0.0714)
0.0167
(0.115)
-0.0873
(0.124)
Training*post 2013 0.151**
(0.0654)
0.0787
(0.0576)
-0.0608
(0.0769)
-0.0915
(0.0602)
-0.000689
(0.0963)
0.0297
(0.104)
Training (1 = Yes) -0.113*
(0.0629)
-0.0179
(0.0655)
0.00975
(0.0718)
0.0412
(0.0591)
0.00858
(0.0929)
-0.0983
(0.100)
Training intra-island (1 = Yes) 0.121
(0.0785)
0.0648
(0.0824)
0.00413
(0.0903)
-0.0618
(0.0731)
0.1280
(0.1170)
0.0176
(0.126)
Training inter-island (1 = Yes) 0.162**
(0.0760)
0.000212
(0.0785)
-0.0182
(0.0864)
-0.0265
(0.0706)
0.0636
(0.111)
0.1560
(0.1200)
Year of 2013 0.0239
(0.0280)
0.00227
(0.0247)
0.0264
(0.0330)
-0.00815
(0.0261)
0.0545
(0.0411)
-0.0500
(0.0442)
Year of 2014 -0.00296
(0.0283)
0.0138
(0.0249)
0.0241
(0.0337)
0.0152
(0.0263)
0.0264
(0.0414)
-0.227***
(0.0446)
ROSCA (= 1 if Yes) 0.0926
(0.106)
0.1300
(0.1210)
-0.0528
(0.117)
0.1110
(0.1020)
0.1440
(0.1560)
-0.1320
(0.1680)
Living Nearby Extension Ocial 0.00743
(0.0272)
0.0511*
(0.0265)
0.0585*
(0.0304)
0.0264
(0.0254)
-0.0646
(0.0399)
0.0372
(0.0430)
No of Motorcycle 0.00846
(0.0128)
0.0171
(0.0118)
-0.00453
(0.0143)
-0.00143
(0.0112)
0.0411**
(0.0175)
-0.00126
(0.0189)
Cultivated Farmland (in Ha) -0.00331**
(0.00141)
0.00208
(0.00131)
0.0145
(0.0135)
0.000715
(0.00129)
-0.00300
(0.00209)
0.000911
(0.00225)
Constant 0.807***
(0.116)
0.709***
(0.133)
0.891***
(0.130)
0.822***
(0.113)
0.541***
(0.171)
0.800***
(0.184)
Observations 886 899 789 823 899 899
Number of hhid 308 308 302 306 308 308
P-value of Hausman Test 0.5200 0.6895 0.056 0.000 0.8253 0.8822
Estimation is based on Random-Eects Instrumental Variable models. Standard errors are in parentheses. ***, **, and * signify statistical
signicance at the 1%, 5% and 10% level, respectively. All training dummy is instrumented by all lottery (invitation) result. Dummy of
hometown is instrumented by invitation for training in hometown (Tanggamus). Dummy of intra-island is instrumented by invitation for
intra-island training (Kalianda, South Lampung). Dummy of inter-island is instrumented by invitation for inter-island training (Garut
and Ciamis, West Java).
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to advance farmers’ knowledge regarding plant-rehabilitation and conservation tech-
niques.
However, only training held in the most remote place is found to spur the
adoption of agricultural technology, suggesting the second hypothesis is sup-
ported. While training in general is revealed to have increased the probability of know-
ing the technology, only inter-island-located training is found to produce higher chance
to propel adoption. Several causes may explain the adoption, that participants trained in
inter-island have in fact obtained something dierent from the training, namely the expe-
riences or the social network during the training. Inter-island training participants may
get motivated by the recreational features in the more developed and advanced island,
thus coming back to their hometown with more open-mind. This changes in attitudes
may help propel adoption. Alternatively, they may get more inclination to adopt from
their social network. I examine further why being trained at an inter-island location has
led farmers to adopt the knowledge, by investigating the changes in their social networks
in depth in the next section.
5.6.2 Eects of Training upon Social Network Variables
The eect of training locations on various network ties is shown in Table 19. Although
no signicant eect of the training exists in terms of strengthening the bonding among
fellow participants from the same training group or from the dierent training groups, I
nd that the number of contacts who did not go to training at all increased by 1 person for
the inter-island training participants after training. Though the link is non-directional,
inter-island training participants are found to have more contacts with non-training par-
ticipants.
Table 20 examines the eects of training on the depth of social networks by analyzing
agricultural information sources, particularly among those who have frequent contact (at
least once every 2 weeks). Column 1 and 2 indicate that inter-island training participants
are more likely to have frequent meeting with their agricultural advisors by 17.9 and
24.2 percentage points amongst all farmers and amongst participants only, respectively.
Column 3 suggests that farmers who went on the inter-island training signicantly in-
creased the intensity of their communication with experts (extension workers) by 31.4
percentage points. These evidences suggest that farmers who attended training at a dis-
tant location increased their communication intensity with their agricultural information
sources compared to before training, and this increased communication may have trig-
gered their changed adoption behavior after training.
Furthermore, the possibility of training participants to enlarge their networks is ex-
plored in Table 21. Training participants are found to maintain communication with
professional trainers they met during the training program. For those who trained at
remote-location (intra- and inter-island), they also seemed to sustain ties with the promi-
nent farmers that they meet during the pilot farm visit in the respective training location.
Further analysis on various network variables pinpoint that inter-island-trained
participants obtained the strongest social network post-training, thus support-
ing the fourth hypothesis. Many network ties, both amongst peers and with experts
have strong inclination to stimulate technology adoption. Not only inter-island trained
participants increased their network intensity with their peers, they also seem to have "es-
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Table 19: Eect of training on the size of social networks
Variables Number of agricul-
tural information
source who went to
the same training
location
Number of agricul-
tural information
source who went to
the dierent training
location
Number of agricul-
tural information
source who did not
go to the training1
(1) (2) (3)
Training*Year 2013*intra-island 0.0506 -0.286 0.607
(0.214) (0.259) (0.766)
Training*Year 2013*inter-island 0.172 -0.104 0.377
(0.209) (0.253) (0.748)
Training*Year 2014*intra-island -0.00607 -0.395 1.078
(0.214) (0.259) (0.766)
Training*Year 2014*inter-island -0.0311 -0.308 1.385*
(0.209) (0.253) (0.748)
Training intra-island (1 = Yes) 0.0924 0.0250 -0.420
(0.169) (0.229) (0.586)
Training inter-island (1 = Yes) 0.0586 -0.187 -0.480
(0.165) (0.224) (0.572)
Year of 2013 -0.0769 0.128 0.0513
(0.150) (0.182) (0.538)
Year of 2014 -0.231 -0.0256 -2.051***
(0.150) (0.182) (0.538)
Constant 0.513*** 0.949*** 4.051***
(0.119) (0.161) (0.412)
Observations 357 357 357
Number of hhid 119 119 119
P-value of Hausman test 0.0000 0.0000 1.0000
1(May or may not be farmers)
Estimation is based on Random-Eects Instrumental Variable models. Standard errors are in parentheses. ***, **, and * signify statistical
signicance at the 1%, 5% and 10% level, respectively. All training dummy is instrumented by all lottery (invitation) result. Dummy of
hometown is instrumented by invitation for training in hometown (Tanggamus). Dummy of intra-island is instrumented by invitation for
intra-island training (Kalianda, South Lampung). Dummy of inter-island is instrumented by invitation for inter-island training (Garut
and Ciamis, West Java).
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Table 20: Eect of training on the depth of social networks
Variables Having frequent contact with Knowing extension
agricultural information source1 agent and having
frequent contact2,3
All farmers Only farmers who
went to the training
All farmers
(1) (2) (3)
Training*Year 2013*intra-island 0.0930 0.130 0.159
(0.105) (0.119) (0.141)
Training*Year 2013*inter-island 0.179* 0.242** 0.314**
(0.0947) (0.116) (0.135)
Training*Year 2014*intra-island -0.000630 -0.0783
(0.105) (0.119)
Training*Year 2014*inter-island 0.142 0.0458
(0.0947) (0.116)
Training intra-island (1 = Yes) -0.0540 -0.0472 -0.162
(0.0768) (0.0863) (0.107)
Training inter-island (1 = Yes) -0.0965 -0.134 -0.155
(0.0695) (0.0842) (0.102)
Year of 2013 0.0287 -0.0513 -0.0692
(0.0345) (0.0834) (0.0429)
Year of 2014 -0.0191 0.0256
(0.0345) (0.0834)
Training*Year of 2013 -0.0395
(0.113)
Training (1 = Yes) 0.0863
(0.0855)
Constant 0.158*** 0.205*** 0.233***
(0.0253) (0.0606) (0.0326)
Observations 933 357 622
Number of hhid 311 119 311
P-value of Hausman test 0.0000 0.0000 0.000
1(Meet at least once every 2 weeks, = 1 if Yes)
2(Have contact at least once every 2 weeks, = 1 if Yes)
3(Only available in 2012 and 2013)
Estimation is based on Random-Eects Instrumental Variable models. Standard errors are in parentheses. ***, **, and * signify statistical
signicance at the 1%, 5% and 10% level, respectively. All training dummy is instrumented by all lottery (invitation) result. Dummy of
hometown is instrumented by invitation for training in hometown (Tanggamus). Dummy of intra-island is instrumented by invitation for
intra-island training (Kalianda, South Lampung). Dummy of inter-island is instrumented by invitation for inter-island training (Garut
and Ciamis, West Java).
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Table 21: Eects of training on the size of bridging ties
All Farmers Training Participants
Variables Knowing Knowing Knowing Knowing Knowing Knowing
prominent trainers prominent farmers prominent farmers prominent trainers prominent farmers prominent trainers
from ICCRI in inter-island in intra-island from ICCRI in inter-island in intra-island
training location training location training location training location
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)
Training*Post 2013 0.391***
(0.0496)
0.241***
(0.0697)
0.0876***
(0.0302)
-0.0165
(0.0413)
0.153***
(0.0325)
-0.0000
(0.0380)
0.415***
(0.0454)
0.282***
(0.0780)
0.0957***
(0.0271)
-0.0000
(0.0449)
0.153***
(0.0331)
Training (1 = Yes) 0.0000
(0.0350)
0.0000
(0.0495)
-0.0000
(0.0212)
0.0000
(0.0293)
0.0000
(0.0230)
0.0000
(0.0270)
0.0000
(0.0320)
-0.0000
(0.0551)
0.0000
(0.0190)
-0.0000
(0.0317)
0.0000
(0.0234)
0.0000
(0.0336)
Training*Post 2013*Intra-island 0.256***
(0.0878)
0.0576
(0.0528)
0.459***
(0.0479)
0.258**
(0.111)
0.0588
(0.0648)
0.459***
(0.0679)
Training*Post 2013*Inter-island 0.196**
(0.0834)
0.239***
(0.0494)
0.0238
(0.0455)
0.147
(0.108)
0.214***
(0.0623)
0.0238
(0.0660)
Intra-island Training (1 = Yes) 0.0000
(0.0621)
-0.0000
(0.0368)
-0.0000
(0.0339)
0.0000
(0.0785)
-0.0000
(0.0452)
-0.0000
(0.0478)
Inter-island Training (1 = Yes) -0.0000
(0.0591)
-0.0000
(0.0350)
-0.0000
(0.0323)
-0.0000
(0.0765)
-0.0000
(0.0441)
-0.0000
(0.0466)
Year of 2013 0.0329
(0.0274)
0.0329
(0.0270)
0.0132
(0.0166)
0.0132
(0.0160)
0.0000
(0.0180)
0.0000
(0.0147)
-0.0000
(0.0475)
Constant -0.0000
(0.0191)
-0.0000
(0.0189)
0.0000
(0.0116)
-0.0000
(0.0112)
-0.0000
(0.0126)
-0.0000
(0.0103)
Observations 612 612 609 609 612 612 237 237 234 234 237 237
Number of hhid 311 311 311 311 311 311 119 119 119 119 119 119
R-Squared 0.304 0.328 0.0569 0.129 0.127 0.418 0.263 0.296 0.0510 0.146 0.0829 0.389
P-value of Hausman test 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Estimation is based on Random-Eects Instrumental Variable models. Standard errors are in parentheses. ***, **, and * signify statistical signicance at the 1%, 5% and 10% level, respectively. All training dummy is instrumented by
all lottery (invitation) result.
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calated" their source of advice: to communicate more with agricultural specialists upon
returning from the training.
5.6.3 Eects of Network Centrality on Technology Diusion and Adoption
Eects of training participants’ degree centrality, closeness centrality, and betweenness
centrality on information diusion and technology adoption are presented in Table 22,
Table 23, and Table 24. The results indicate that training eects are dierent across all
centrality measures. In Table 23 column 4, participants with high closeness centrality is
found to have higher likelihood of adopting grafting technique post training by 45.6 per-
centage points.
Clearly, dierent centrality measures signify dierent implication to the spread of infor-
mation. Degree Centrality is clearly a local index while Betweenness and Closeness are
global since they rely on network-wide geodesic paths (Freeman, 1979; Nomikos et al.,
2014). Degree-centrality may be a suitable tool to establish connection within a commu-
nity, because the most popular person should have the highest number of friends. How-
ever, to obtain information, one should be near from everyone. In this sense, the node
in the nearest position on average can most eciently obtain information, making close-
ness centrality is more appropriate to analyse. Furthermore, to control information ow,
a node should be between other nodes because the node can interrupt information ow
between them, making betweenness centrality appropriate to examine.
I found that for adoption of more complex technology, namely the grafting methods,
people with the nearest position with everyone may have higher chance to implement it,
while not so much for having the highest number of friends. This nding supports the
fth hypothesis, that an inuential individual who are relatively near to every-
one in their locale may demonstrate better information collection ability thus is
more adept at implementing more complicated technology.
5.6.4 Information Spillover from Training Participants to Non-training Participants
Lastly, spillover eects from training participants to all farmers in general and to non-
training participants post training are elaborated in Table 25 and Table 26. Table 25 shows
that after the training no signicant spillover are found from training participants to all
farmers in general, indicating that advice network who are trained participants did not
signicantly inuence the diusion and adoption of technology for all farmers. Although
in general, column 2 and 4 show that spillover from training participants on all farmers
in general appears strongly on the diusion and adoption of grafting.
Spillover to the non-participants are examined in Column 7 to 12. Column 12 suggests
that post-training, such spillover are signicant for the chemical fertilizer usage. Non-
participants who seek advice from training participants are also associated with higher
probability of knowing grafting, as indicated in column 8.
When location heterogeneity is taken into account, inter-island trained participants seem
to signicantly propel the adoption of organic and chemical fertilizer post training, as
shown in Table 26 column 5 and 6. After returning from the training program, inter-
island trained participants may have become even more active in promoting the usage
of organic and chemical fertilizer to all farmers in general. No signicant spillover are
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Table 22: Eects of Participants’ Degree Centrality on Technology Diusion and Adoption
Variables Know
Water
Conser-
vation
Technique
Know
Grafting
Technique
Adopt
Water
Conser-
vation
Tech-
nique
Adopt
Grafting
Tech-
nique
Adopting
Organic
Fertilizer
Adopting
Chemical
Fertilizer
(1) (2) (3) (4) (5) (6)
Degree*Training*Post2013 -0.245 -0.0306 -0.0957 0.248 0.212 -0.0633
(0.191) (0.153) (0.230) (0.176) (0.275) (0.304)
Degree ∗ Training ∗ Post2013 0.335 0.111 -0.234 -0.0946 -0.690 0.686
(0.317) (0.256) (0.403) (0.318) (0.478) (0.497)
Degree Centrality 0.0469 -0.0364 0.0633 0.183 0.239 -0.185
(0.158) (0.133) (0.195) (0.156) (0.246) (0.261)
Degree Centrality 0.103 0.106 0.103 -0.0340 0.0679 -0.0496
(0.110) (0.0932) (0.132) (0.102) (0.167) (0.186)
Training*Post2013 0.0422 0.00791 0.0598 -0.0694 -0.110 -0.0293
(0.0648) (0.0539) (0.0770) (0.0601) (0.0969) (0.107)
Training Dummy -0.0240 0.0233 0.0205 -0.0236 0.274*** -0.155
(0.0639) (0.0530) (0.0817) (0.0642) (0.0986) (0.103)
Year of 2013 0.0645** -0.00517 0.0301 -0.0469 0.103** -0.0595
(0.0320) (0.0275) (0.0379) (0.0297) (0.0492) (0.0546)
Year of 2014 0.0550* 0.00834 0.0209 0.00305 0.0929* -0.190***
(0.0334) (0.0289) (0.0401) (0.0313) (0.0517) (0.0575)
Post 2013 0.0381 0.0331 -0.136 0.120 0.137 -0.0641
(0.0706) (0.0599) (0.0945) (0.0732) (0.112) (0.116)
Age of HH head -0.00610** -0.00455** -0.00366 -0.000871 0.00127 -0.00387
(0.00252) (0.00217) (0.00301) (0.00234) (0.00393) (0.00430)
Years of education of HH head -0.00521 -0.00918 -0.0103 0.0130 -0.0299** -0.0228
(0.00920) (0.00795) (0.0113) (0.00851) (0.0143) (0.0158)
ROSCA (=1 if Yes) 0.159* 0.203*** -0.130 -0.143 0.426*** 0.286**
(0.0855) (0.0731) (0.114) (0.0930) (0.139) (0.141)
Log of cultivated farmland -0.0320 0.0484** -0.00387 0.0367 -0.0468 0.0255
(0.0249) (0.0215) (0.0315) (0.0230) (0.0384) (0.0427)
Age of HH Head 0.00729*** 0.00445* 0.00698** -0.000584 0.000684 0.00129
(0.00281) (0.00242) (0.00341) (0.00269) (0.00443) (0.00476)
Years of Education of HH Head0.0119 0.0117 0.0251** -0.0152 0.0435*** 0.0367**
(0.0101) (0.00872) (0.0125) (0.00957) (0.0158) (0.0172)
Log of Cultivated Farmland -0.00175 -0.0202 0.0479 -0.0193 0.0598 0.138**
(0.0323) (0.0278) (0.0410) (0.0324) (0.0510) (0.0545)
Constant 0.555*** 0.710*** 0.715*** 0.873*** 0.0149 0.880***
(0.119) (0.102) (0.159) (0.125) (0.193) (0.196)
Observations 681 688 614 647 688 688
Number of hhid 293 294 280 289 294 294
Village Fixed-Eects YES YES YES YES YES YES
R-squared 0.123 0.131 0.0956 0.107 0.101 0.187
Estimation is based on Correlated Random Eects Instrumental Variable model. Standard errors are in paren-
theses. ***, **, and * signify statistical signicance at the 1%, 5%, and 10% level, respectively. All training
dummy variables are instrumented by all lottery (invitation) result variables.
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Table 23: Eects of Participants’ Closeness Centrality on Technology Diusion and Adoption
Variables Know
Water
Conser-
vation
Technique
Know
Grafting
Technique
Adopt
Water
Conser-
vation
Tech-
nique
Adopt
Grafting
Tech-
nique
Adopting
Organic
Fertilizer
Adopting
Chemical
Fertilizer
(1) (2) (3) (4) (5) (6)
Closeness*Training*Post2013 -0.141 0.109 -0.207 0.456** -0.0952 -0.388
(0.219) (0.154) (0.281) (0.196) (0.281) (0.302)
Closeness ∗ Training ∗ Post2013 0.350 -0.0780 -0.158 -0.219 -0.478 0.187
(0.277) (0.219) (0.355) (0.264) (0.405) (0.430)
Closeness Centrality -0.119 -0.0326 0.0579 0.300 0.369 -0.0665
(0.211) (0.172) (0.244) (0.192) (0.316) (0.338)
Closeness Centrality 0.241* 0.174 0.125 -0.0928 0.0605 -0.0232
(0.137) (0.110) (0.157) (0.121) (0.200) (0.217)
Training*Post2013 0.0435 -0.0401 0.195 -0.225** -0.0202 0.154
(0.124) (0.0896) (0.155) (0.112) (0.164) (0.176)
Training Dummy -0.0785 0.0525 -0.00195 0.0237 0.328** -0.102
(0.102) (0.0815) (0.132) (0.0982) (0.151) (0.160)
Year of 2013 0.0676** -0.0183 0.00863 -0.0679** 0.117** -0.0373
(0.0334) (0.0278) (0.0377) (0.0295) (0.0503) (0.0546)
Year of 2014 0.0647* -0.00626 -0.0138 -0.0219 0.0907* -0.186***
(0.0344) (0.0289) (0.0391) (0.0308) (0.0523) (0.0568)
Post 2013 0.00152 0.0417 -0.108 0.152** 0.152 -0.0403
(0.0777) (0.0632) (0.0994) (0.0739) (0.117) (0.124)
Age of HH head -0.00624** -0.00460** -0.00409 -0.00046 0.00124 -0.00375
(0.00262) (0.00218) (0.00299) (0.00233) (0.00397) (0.00429)
Years of education of HH head -0.00507 -0.0109 -0.0139 0.0122 -0.0299** -0.0213
(0.00970) (0.00811) (0.0113) (0.00863) (0.0147) (0.0160)
ROSCA (=1 if Yes) 0.151* 0.197*** -0.142 -0.156* 0.436*** 0.235*
(0.0873) (0.0713) (0.112) (0.0863) (0.133) (0.140)
Log of cultivated farmland -0.0349 0.0473** -0.00171 0.0388* -0.0466 0.0292
(0.0261) (0.0218) (0.0315) (0.0233) (0.0395) (0.0429)
Age of HH Head 0.00767*** 0.00482** 0.00809** -0.00103 0.00131 0.00137
(0.00294) (0.00244) (0.00343) (0.00266) (0.00447) (0.00480)
Years of Education of HH Head0.0130 0.0129 0.0313** -0.0141 0.046*** 0.0389**
(0.0108) (0.00893) (0.0127) (0.00968) (0.0163) (0.0176)
Log of Cultivated Farmland 0.000949 -0.0230 0.0308 -0.0307 0.0611 0.140**
(0.0344) (0.0284) (0.0418) (0.0324) (0.0521) (0.0559)
Constant 0.535*** 0.651*** 0.617*** 0.801*** -0.209 0.833***
(0.166) (0.135) (0.212) (0.157) (0.251) (0.266)
Observations 639 645 572 607 645 645
Number of hhid 277 278 264 273 278 278
Village Fixed-Eects YES YES YES YES YES YES
R-squared 0.120 0.136 0.107 0.117 0.108 0.204
Estimation is based on Correlated Random Eects Instrumental Variable model. Standard errors are in paren-
theses. ***, **, and * signify statistical signicance at the 1%, 5%, and 10% level, respectively. All training
dummy variables are instrumented by all lottery (invitation) result variables.
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Table 24: Eects of Participants’ Betweenness Centrality on Technology Diusion and Adoption
Variables Know
Water
Conser-
vation
Tech-
nique
Know
Grafting
Tech-
nique
Adopt
Water
Conser-
vation
Tech-
nique
Adopt
Grafting
Tech-
nique
Adopting
Organic
Fertilizer
Adopting
Chemical
Fertilizer
(1) (2) (3) (4) (5) (6)
Betweenness*Training*Post2013 -0.193 -0.264 -0.378 0.254 0.658 0.184
(0.309) (0.265) (0.376) (0.279) (0.472) (0.525)
Betweenness ∗ Training ∗ Post20130.00630 0.0569 -0.142 -0.0848 -0.481 1.378
(0.517) (0.433) (0.646) (0.490) (0.801) (0.846)
Betweenness Centrality 0.0959 0.0930 -0.0438 0.365 0.698 -0.427
(0.300) (0.252) (0.361) (0.281) (0.464) (0.494)
Betweenness Centrality 0.187 0.199 0.356 -0.156 -0.741** -0.469
(0.211) (0.183) (0.244) (0.190) (0.325) (0.362)
Training*Post2013 -0.000472 0.0171 0.0550 -0.0275 -0.0939 -0.0401
(0.0535) (0.0458) (0.0631) (0.0492) (0.0816) (0.0907)
Training 0.0291 0.0379 -0.00390 -0.0354 0.186** -0.116
(0.0486) (0.0411) (0.0608) (0.0476) (0.0760) (0.0804)
Year of 2013 0.0545* -0.0113 0.0247 -0.0434 0.0983** -0.0583
(0.0310) (0.0268) (0.0365) (0.0286) (0.0476) (0.0530)
Year of 2014 0.0444 -0.00389 0.0111 0.00168 0.0859* -0.181***
(0.0315) (0.0273) (0.0374) (0.0293) (0.0485) (0.0540)
Post 2013 0.0505 0.0465 -0.144 0.106 0.0854 -0.0739
(0.0689) (0.0582) (0.0910) (0.0702) (0.110) (0.113)
Age of HH head -0.0058** -0.0043** -0.00375 -0.000774 0.00120 -0.00388
(0.00252) (0.00217) (0.00302) (0.00234) (0.00392) (0.00428)
Years of education of HH head -0.00511 -0.00927 -0.0106 0.0136 -0.0276* -0.0223
(0.00920) (0.00794) (0.0113) (0.00851) (0.0142) (0.0157)
ROSCA (=1 if Yes) 0.141* 0.195*** -0.117 -0.164* 0.436*** 0.256*
(0.0843) (0.0712) (0.111) (0.0904) (0.137) (0.137)
Log of cultivated farmland -0.0308 0.0519** -0.00113 0.0382* -0.0470 0.0225
(0.0249) (0.0215) (0.0315) (0.0231) (0.0382) (0.0426)
Age of HH head 0.00706** 0.00414* 0.00694** -0.000567 0.000926 0.00183
(0.00282) (0.00243) (0.00343) (0.00270) (0.00444) (0.00476)
Years of Education of HH Head0.0124 0.0116 0.0249** -0.0151 0.0426*** 0.0384**
(0.0101) (0.00871) (0.0125) (0.00956) (0.0158) (0.0171)
Log of Cultivated Farmland 0.00256 -0.0227 0.0500 -0.0188 0.0692 0.137**
(0.0323) (0.0277) (0.0409) (0.0322) (0.0509) (0.0542)
Constant 0.605*** 0.732*** 0.763*** 0.930*** 0.124 0.825***
(0.112) (0.0950) (0.147) (0.117) (0.182) (0.183)
Observations 681 688 614 647 688 688
Number of hhid 293 294 280 289 294 294
Village Fixed-Eects YES YES YES YES YES YES
R-squared 0.117 0.133 0.0934 0.106 0.0991 0.194
Estimation is based on Correlated Random Eects Instrumental Variable model. Standard errors are in paren-
theses. ***, **, and * signify statistical signicance at the 1%, 5%, and 10% level, respectively. All training
dummy variables are instrumented by all lottery (invitation) result variables.
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found for the non-training participants though.
This indicates that after the training, only advice network who went to inter-island train-
ing location found to have signicantly become more enthusiastic to pass the information
they acquired from the training to farmers in general to some extent. They have success-
fully inuenced fellow farmers to use organic and chemical fertilizer upon returning from
the training. All training participants in general appear to become more involved in pro-
moting the fertilizer usage to some extent to the non-training participants.
Having more advice network who went to the training is also associated with higher
chance to get familiar with agricultural techniques to both farmers in general and the
non-participants, but not for adoption.
Training participants have successfully driven fertilizer adoption tonon-training
participants to some extent, hence supporting the sixth hypothesis. When taking
account the eects of location heterogeneity, spillover is present for the usage of chemical
and organic fertilizer, especially for those who networked with inter-island training par-
ticipants post training. No similar eects are observed amongst non-participants though.
5.7 discussion and conclusion
This research carried out a social experiment in the form of providing institutionalized
training at dierent locations to encourage technology adoption by facilitating deeper
social learning, both among fellow farmers and between farmers and agriculture experts.
To see the eects of location, institutionalized training is conducted in farmers’ home-
town, a district located in the same province (intra-island location) and on neighboring,
more developed island (inter-island location). Impact assessment examines training eec-
tiveness as well as various possible social learnings that stemmed from the training, and
how they explain linkages to the diusion and adoption of technologies.
The result indicates that, training, regardless of locations, may have helped
improve farmers’ knowledge, but only training held in the most remote place
manages to spur technology adoption. Despite being held for only three days, train-
ing in general may have helped to increase farmers’ knowledge regarding two particular
agriculture technologies that became the focus of the local government’s campaign to
improve the area’s agriculture: soil- and water-conservation (dead-end trench technique)
and plant-revitalization (grafting methods). Furthermore, farmers who participated in
the training held at an inter-island location are found to particularly increase their adop-
tion of the dead-end trench technique after learning how to implement it. The impact of
Inter-island training location supports the proposed hypothesis: a farther-away training
location help may increase the probability of technology adoption.
Nevertheless, this impact of training upon adoption is not clear-cut. A number of pos-
sible explanations can mediate between training and adoption behavior, and most are
contributed by the social-network eects:
First, the farmers who went to the training are initially expected to increase
their bonds with fellow participants from the same training group upon return-
ing. However, that is not the case in this study. Conversely, in the medium run or at a
time span greater than one year post-training, farmers who were members of inter-island
training group are found to have stronger networks with people who did not go to train-
ing at all, instead of people from the same or dierent training groups. Deeper analysis
shows that in the short term, farmers who went to the inter-island training may have
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Table 25: Information spillover from training participants to non-training participants
All Farmers Non-training Participants
Variables Knowing
soil and
water con-
servation
technique
Knowing
grafting
methods
Adopting
soil and
water con-
servation
technique
on con-
dition of
knowing it
Adopting
grafting
method on
condition
of knowing
it
Currently
using
organic
fertilizer
Currently
using
chemical
fertilizer
Knowing
soil and
water con-
servation
technique
Knowing
grafting
methods
Adopting
soil and
water con-
servation
technique
on con-
dition of
knowing it
Adopting
grafting
method on
condition
of knowing
it
Currently
using
organic
fertilizer
Currently
using
chemical
fertilizer
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)
No of Information Source who are
Training Participants * Post2013
0.00859
(0.0152)
-0.00876
(0.0143)
0.00452
(0.0174)
-0.00200
(0.0141)
0.0194
(0.0231)
0.0231
(0.0246)
0.00944
(0.0194)
-0.00338
(0.0192)
0.00285
(0.0214)
-0.0117
(0.0177)
0.0188
(0.0292)
0.0502*
(0.0293)
No of Information Source who are
Training Participants
0.00944
(0.0115)
0.0261**
(0.0108)
0.0190
(0.0133)
0.0181*
(0.0109)
-0.00375
(0.0175)
-0.0131
(0.0187)
0.0153
(0.0137)
0.0281**
(0.0136)
0.0172
(0.0151)
0.0174
(0.0127)
-0.00677
(0.0206)
-0.0220
(0.0209)
Training*Post 2013 0.0474
(0.0465)
0.0405
(0.0432)
0.0312
(0.0536)
-0.0290
(0.0414)
-0.00743
(0.0697)
-0.0144
(0.0737)
Training (1 = Yes) -0.00686
(0.0418)
0.0195
(0.0395)
0.000274
(0.0503)
0.0167
(0.0403)
0.0849
(0.0635)
-0.0609
(0.0686)
Year of 2013 0.0214
(0.0342)
0.00998
(0.0319)
0.0177
(0.0396)
-0.00705
(0.0319)
0.0316
(0.0516)
-0.0849
(0.0547)
0.0431
(0.0373)
0.0275
(0.0366)
0.00802
(0.0413)
-0.0246
(0.0344)
0.0420
(0.0562)
-0.123**
(0.0558)
Year of 2014 0.0171
(0.0331)
0.0379
(0.0310)
0.0285
(0.0388)
0.0288
(0.0309)
0.0191
(0.0500)
-0.264***
(0.0530)
0.00800
(0.0358)
0.0429
(0.0352)
0.0323
(0.0403)
0.0523
(0.0330)
0.00454
(0.0540)
-0.307***
(0.0537)
Constant 0.870***
(0.0278)
0.861***
(0.0263)
0.834***
(0.0335)
0.891***
(0.0276)
0.688***
(0.0423)
0.772***
(0.0456)
0.861***
(0.0286)
0.849***
(0.0284)
0.842***
(0.0332)
0.901***
(0.0274)
0.715***
(0.0426)
0.794***
(0.0441)
Observations 888 899 795 827 899 899 543 549 481 496 549 549
Number of hhid 311 311 306 309 311 311 192 192 189 190 192 192
Prob > Chi2 0.0721 0.0181 0.179 0.250 0.264 0.0000 0.103 0.108 0.524 0.0298 0.571 0.0000
P-value of Hausman test 0.000 0.6086 0.0085 0.000 0.0310 0.0005 0.8196 0.9559 0.0896 0.3915 0.0324 0.3184
Estimation is based on Random-Eects Instrumental Variable models. Standard errors are in parentheses. ***, **, and * signify statistical signicance at the 1%, 5% and 10% level, respectively. All training dummy is instrumented by
all lottery (invitation) result. No of information sources who are training participants are instrumented with no of information sources who are selected to participate according to lottery (invitation) result.
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Table 26: Information spillover from training participants from dierent training group to non-training participants
All Farmers Non-training Participants
Variables Knowing
soil and
water con-
servation
technique
Knowing
grafting
methods
Adopting soil
and water
conservation
technique on
condition of
knowing it
Adopting
grafting
method on
condition of
knowing it
Currently
using
organic
fertilizer
Currently
using
chemical
fertilizer
Knowing
soil and
water con-
servation
technique
Knowing
grafting
methods
Adopting soil
and water
conservation
technique on
condition of
knowing it
Adopting
grafting
method on
condition of
knowing it
Currently
using
organic
fertilizer
Currently
using
chemical
fertilizer
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)
No of Information Source who are
Intra-island Training Participants *
Post 2013
-0.00962
(0.0500)
0.0505
(0.0452)
-0.0599
(0.0587)
0.0289
(0.0474)
0.0245
(0.0749)
-0.00500
(0.0807)
0.0461
(0.0727)
0.0721
(0.0715)
-0.0571
(0.0810)
0.0402
(0.0663)
0.0516
(0.109)
0.117
(0.110)
No of Information Source who are
Intra-island Training Participants
0.0147
(0.0392)
0.000488
(0.0363)
0.0175
(0.0460)
-0.0176
(0.0368)
-0.0369
(0.0589)
0.00523
(0.0631)
-0.0389
(0.0561)
-0.0113
(0.0554)
-0.0291
(0.0623)
-0.0137
(0.0505)
-0.0364
(0.0839)
-0.0685
(0.0855)
No of Information Source who are
Inter-island Training Participants *
Post 2013
0.00125
(0.0426)
0.0494
(0.0385)
-0.0657
(0.0491)
-0.0173
(0.0396)
0.122*
(0.0641)
0.149**
(0.0692)
0.0502
(0.0576)
0.0861
(0.0563)
-0.0952
(0.0614)
-0.0159
(0.0512)
0.0394
(0.0862)
0.0876
(0.0863)
No of Information Source who are
Inter-island Training Participants
0.00560
(0.0358)
-0.0133
(0.0333)
0.0615
(0.0409)
-0.00546
(0.0331)
-0.0452
(0.0540)
0.0135
(0.0578)
-0.00748
(0.0484)
-0.0251
(0.0474)
0.0612
(0.0524)
0.00405
(0.0428)
0.0453
(0.0716)
0.0198
(0.0732)
No of Information Source who are
Training Participants * Post 2013
0.0125
(0.0308)
-0.0428
(0.0278)
0.0522
(0.0364)
-0.00211
(0.0293)
-0.0411
(0.0463)
-0.0384
(0.0500)
-0.0255
(0.0409)
-0.0559
(0.0401)
0.0552
(0.0447)
-0.0142
(0.0371)
-0.0110
(0.0613)
-0.0172
(0.0615)
No of Information Source who are
Training Participants
0.00124
(0.0249)
0.0295
(0.0232)
-0.0136
(0.0293)
0.0249
(0.0234)
0.0252
(0.0377)
-0.0196
(0.0403)
0.0304
(0.0339)
0.0421
(0.0333)
-0.00294
(0.0370)
0.0191
(0.0304)
-0.0164
(0.0504)
-0.0104
(0.0515)
Training*Post 2013*Intra-island -0.139*
(0.0801)
-0.0768
(0.0708)
0.0965
(0.0954)
0.12000
(0.0735)
-0.0616
(0.120)
-0.0987
(0.131)
Training*Post 2013*Inter-island -0.107
(0.0775)
-0.0333
(0.0681)
0.196**
(0.0923)
0.0951
(0.0717)
0.00112
(0.116)
-0.107
(0.126)
Training*Post 2013 0.127**
(0.0642)
0.0685
(0.0567)
-0.0610
(0.0769)
-0.104*
(0.0604)
0.0133
(0.0964)
0.0576
(0.105)
Intra-island Training (1 = Yes) 0.147*
(0.0769)
0.0913
(0.0795)
-0.00586
(0.0896)
-0.0682
(0.0727)
0.129
(0.118)
0.0162
(0.124)
Inter-island Training (1 = Yes) 0.151**
(0.0744)
0.0283
(0.0762)
-0.0449
(0.0867)
-0.0336
(0.0705)
0.0735
(0.113)
0.153
(0.119)
Training (1 = Yes) -0.107*
(0.0615)
-0.0191
(0.0634)
0.0149
(0.0717)
0.0518
(0.0591)
0.0191
(0.0943)
-0.121
(0.0989)
Year of 2013 0.0193
(0.0332)
0.0138
(0.0297)
0.00831
(0.0395)
-0.00691
(0.0319)
0.0344
(0.0499)
-0.0867
(0.0541)
0.0441
(0.0373)
0.0281
(0.0366)
0.00590
(0.0409)
-0.0240
(0.0343)
0.0398
(0.0562)
-0.123**
(0.0560)
Year of 2014 0.0152
(0.0321)
0.0395
(0.0286)
0.0199
(0.0387)
0.0291
(0.0308)
0.0198
(0.0482)
-0.266***
(0.0523)
0.00869
(0.0359)
0.0395
(0.0353)
0.0332
(0.0400)
0.0504
(0.0331)
0.00135
(0.0543)
-0.311***
(0.0540)
Constant 0.872***
(0.0281)
0.862***
(0.0281)
0.839***
(0.0333)
0.892***
(0.0276)
0.688***
(0.0429)
0.772***
(0.0453)
0.859***
(0.0286)
0.849***
(0.0284)
0.846***
(0.0330)
0.901***
(0.0275)
0.716***
(0.0426)
0.793***
(0.0441)
Observations 888 899 795 827 899 899 543 549 481 496 549 549
Number of hhid 311 311 306 309 311 311 192 192 189 190 192 192
P-value of Hausman test 0.9783 0.9998 0.0170 0.6467 0.9555 0.4177 0.6087 0.6354 0.4864 0.5650 0.2042 0.2995
Estimation is based on Random-Eects Instrumental Variables models. Standard errors are in parentheses. ***, **, and * signify statistical signicance at the 1%, 5% and 10% level, respectively. All training dummy is instrumented by
all lottery (invitation) result. No of information sources who are training participants are instrumented with no of information sources who are selected to participate according to lottery (invitation) result.
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more frequent face-to-face contact with their agriculture informants. Even though the
direction of networks and the question of how the communication is rst initiated are
unknown, this could be attributed to two causes:
• Inter-island training-group farmers may be seen as being more knowledgeable
among their peers, hence they may became more popular among people who did
not go to the training at all. In addition, non-trained farmers are probably the ones
who rst approach these trained farmers to get more information regarding agri-
cultural practices.
• Or the opposite dynamic could be in operation. These farmers may intend to show-
case their training results following their return from a dierent island. These inter-
island farmers perceived that they had gone through a more memorable, exciting,
and dierent experience than farmers from the other training groups. They were
probably more inclined to tell people, particularly the non-participants, about what
they learned, hence they had more intense communication with non-participants.
For the inter-island training participants, this increasing networking intensity with
their agriculture informants and non-participants might reect their motivation
and eagerness to practice post-training what they learned. Still, ties with peers
may not be strong enough to lead to the decision to adopt the technologies.
Second, the farmerswhowent to the training are also expected to increase com-
munication with the experts. This study has found evidence supporting this proposed
hypothesis, namely that farmers who went to inter-island training were also found to
have increased signicantly their contact with extension agents post-training. This nd-
ing may indicate that that these farmers may have "escalated" their source of advice from
their peers or fellow farmers to the experts, i.e. the extension agents.
Third, a positive Hawthorne eect probably seems to be in operation regard-
ing technology adoption for those joining the inter-island training. Farmers may
feel more motivated by the new locale and novel experience they obtained by visiting a
new, faraway, and exotic location than by the training itself. They could possibly have
become more open-minded and innovative, which thus provides the households with a
new perspective on performing agricultural techniques. Their eort to attend the inter-
island training might be much more prodigious than that required by those attending ei-
ther hometown or intra-island training. Intra- and inter-island trainings are both carried
out within a three-nights-and-four-day time frame. Even though the time spent together
with fellow trainees was similar, the intensity of communication post-training is fairly
dierent between the two training groups. This fact might reect their accumulation of
experience during the training, which later manifests in the magnitude of social learning
and eventually the adoption of better agricultural practices.
Fourth, perhaps what the inuential farmers did in the remote area as well as
the situation in the pilot farm in that placemayhave alteredTanggamus farmers’
expected returns of agricultural techniques. What prominent farmers did in their
farmland and their success stories may have altered the way farmers think about the
technologies thus revising the expected return of adoption after they interact with them.
This may explain the reasons why inter-island training participants talked more with
others: they witness the farmers in the more advanced area to do things dierently.
Evidence on the positive eect of centrality onknowledge acquisition for farm-
ers in general is also found. Farmers who are inuential, or nominated many farm-
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ers group members in their local farming community, tend to possess higher likelihood
to understand more complex technology, namely grafting methods and to use chemi-
cal fertilizer. Dierent centrality measures signify dierent implication to the spread of
information. Degree-centrality is clearly a local index while Betweenness- and Closeness-
centrality are global since they rely on network-wide geodesic paths, making the last 2
measures more appropriate in explaining the adoption of technology in this study.
Further examination also conrmed that spillover may be present from train-
ing participants to non-training participants, particularly the adoption of fertil-
izer to some extent. Non-participants who networked with training participants post
training are possibly experiencing higher likelihood to use fertilizer. Further, farmers in
general who networked with inter-island trained participants post training may also have
higher probability of using fertilizer. People who have ties with training participants are
more likely to adopt technologies due to strong enforcement and encouragements from
them, but only to some extent. Adoption requires a change in perspective and attitude to
advance farming practices, and having more "innovative" people as encouragement may
not be enough to entirely implement the techniques in their farmland.
This chapter oers important implications for policy-makers: the interplay between
these two categories of relationships, namely networking with peers and experts, through
formally conducted training, may have strongly contributed to changing farmers’ mind-
sets regarding agriculture technology adoption, particularly for the laggards. Future agri-
cultural training or workshops should not be disregarded, and more emphasis should be
placed on the specic training environment and experience while still ensuring the qual-
ity of the training’s content. A set of relationship and connection amongst agrarian actors
should be strongly taken into consideration, as these informal sources of information are
possibly the strongest enforcer for technology dissemination and adoption in the rural
community.
6
R E D U C I N G A G R I C U L T U R A L I N C O M E V U L N E R A B I L I T I E S
T H R O U G H A G R O F O R E S T R Y T R A I N I N G : E X P E R I E N C E F R O M
P O O R E R H O U S E H O L D S
6.1 introduction
Improving rural livelihood has been a continuous challenge faced by developing coun-
tries where threats of food security and environmental deterioration on fragile agricul-
ture lands problems collide with income vulnerability. Agroforestry is currently seen as
an alternative paradigm for rural development worldwide that is centered on species-
rich, low-input agricultural techniques including a diverse array of crops, rather than
on high-input monocultures with only a small set of staple food crops (Leakey, 2001a,b).
Some forms of agroforestry techniques require low external inputs (pro-poor) and ef-
cient integration of trees, making them good candidate for achieving both sustainable
livelihood and ecological objectives (Koohafkan et al., 2012). The simplest and most tradi-
tional agroforestry practices are to diversify crops or inter-cropping. Economically, agro-
forestry can diversify farm operations (Caviglia-Harris and Sills, 2005) and livelihood
strategies (Cramb and Culasero, 2003)–to reduce risk and increase resilience, especially
for smallholder farmers (Lin, 2011). In the longer term, agroforestry can reduce poverty
by enhancing farm income (Leakey and Tchoundjeu, 2001), providing provision for fod-
der, fuelwood, and medicinal purposes (Akinnifesi et al., 2008), generating employment
(Asaah et al., 2011), ensuring food security (Garrity et al., 2010), and enhancing livelihood
opportunities (Leakey et al., 2005). Agroforestry can bring not only economic but also
environmental benet, including soil and water conservation (Bekele-Tesemma, 1997),
increased soil fertility (Young, 1989), and improved or maintained surroundings (Regmi,
2003).
Development intervention promoting agroforestry varies, from participatory programs
incorporating both technical training and knowledge sharing to improve ecological and
economic well-being (Fischer and Vasseur, 2002; Asaah et al., 2011), to various nan-
cial aid programs in the form of subsidies to diversify farm management and encourage
forest-tree planting (Mehta and Leuschner, 1997; Carvalho et al., 2002; Thacher et al.,
1996). Educating people about conservation and preservation is a necessity in preventing
environmental degradation, but the content should be suitable to farmers’ interest. To
address this, interventions designed to increase investment in human capital, amongst
other methods of intervention, are more favorable, as not only they provide farmers with
theories and practical knowledge regarding the correct techniques, but also encourage
positive attitude changes resulting from various interactions with agrarian actors during
and upon returning from the training.
Most impact assessments largely focus on measuring adoption, yields, and economic
gains–poverty reduction was assumed to follow. The research challenges lie in how to dif-
ferentiate the poorer within the community; and how to assess whether the technologies
are relevant to the poor and how they aect them. Little attention was given to dieren-
tiating between farmers with dierent levels of assets and dierent social characteristics,
ability to adopt, and the ultimate economic outcomes of adoption. This chapter aims to
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ll the gap in explaining linkage amongst the variables of economic, ecological and social
aspects of agroforestry, using the situation and condition of rural Indonesian livelihood.
To serve the purpose, I carried out randomized-controlled trial to select coee and/or
cocoa farmers in the region for participating in institutionalized training. Program evalu-
ation spans in two-year period, ensuring that I captured the short- and mid-term impact
of the program.
I found that farmers who are generally poorer tend to diversify more after returning
from the training, in contrast to the general training participants who reduce crop diver-
sity. Perceived agroforestry benets are strikingly dierent across poorer and relatively
well-o farmers. The former reported that agroforestry has improved their food incomes
and provided provisions for medicinal purposes, while the latter testied that they expe-
rienced conserved soil and water, and obtained provision for fuelwood. Further, poorer
farmers are found to increase their depth and size of network upon returning from the
training program, which is likely to inuence agroforestry adoption. Positive associa-
tions between centrality measures and adoption of agroforestry practices are also identi-
ed, in addition to signicant spillover from training participants to non-participants on
promotion of such practices. Finally, I discovered that crop diversity in medium-term is
negatively correlated with income vulnerability. Increased income for poorer farmers is
obtained from legume crops commodities, which shows a signicant upsurge after return-
ing from the training. The rest of the chapter is organized as follow: Section 6.2 provides
theoretical ground and hypothesis; Section 6.3 elaborates the agricultural management
in Tanggamus; Section 6.4 describes the descriptive statistics; Section 6.5 builds on em-
pirical strategy; Section 6.6 draws the estimation results and nally Section 6.7 concludes
with discussion and policy recommendation.
6.2 conceptual framework
This chapter aims to examine the impact of institutionalized training upon agroforestry
adoption, perceived benets, and eventually farm income stability. Hypothesis are formu-
lated based on the program evaluation of the randomized controlled trial. To serve the
purpose, I present several hypotheses:
Hypothesis 7: Training participants will have higher index of plant diversica-
tion relative to non-participants.
For a successful adoption, agroforestry techniques should be compatible with local
practices and traditions, and also farmers’ beliefs, values and social system (Barr and
Cary, 2000). Awareness of possible new practices is not sucient to ensure their im-
plementation. I consider training as intervention because behavior change plays bigger
role than technical and nancial consideration (Kilpatrick et al., 2003); and values and
attitudes must change before behavior changes (Kilpatrick and Johns, 2003). In training,
farmers are exposed to new channels of knowledge and opportunity to interact with
trainers (agricultural experts) and fellow training participants (peers). These features in
training are expected to have crucial role in propelling the implementation of agricultural
technologies.
Adoption patterns between small and large farmers may dier. For medium and large
farms, fallow and extensive grazing are still important and intensive agroforestry systems
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may not yet be economically appropriate. In contrast, for smallholders intensive system
may be more interesting but food security and risk issues play a more critical role than
for large farmers. Poorer farmers may nd agroforestry protable, but the adoption is of-
ten hampered by limited land, labor, and capital resources and their need to ensure food
security and reduce risks. Netting (1993) suggests that the main strategy for combining
high production per unit area with risk reduction and sustainability in agriculture is di-
versication, indicating its suitability for poorer farmers. Agroforestry systems that oer
short-term benets are preferable, as the mechanism allows farmers to sustain longer-
term investments in agroforestry.
Hypothesis 8: Training participantswill have better awareness onperceived agro-
forestry benets relative to non-participants.
Environmental and economic benets of agroforestry are recognized. Ecological ben-
ets include improving soil and water conservation and improved surrounding due to
woody trees, while economic benets captured in this study are the chances of reducing
complete crop failure, provision for medicinal purposes and fuelwood. Pastur et al. (2012)
posits that farmers who do acknowledge the merits of agroforestry will incorporate cer-
tain techniques into their farming practices if they can aord it.
Hypothesis 9: Upon returning, training participants are expected to have en-
larged their network depth and size, which inuenced adoption.
Farmers who have larger networks are more likely to make changes in their practice.
Rogers and Sheppard (2010) concluded that early adopters have greater social participa-
tion after examining studies in agricultural and non-agricultural settings in developed
and developing countries. Interaction with others including neighbors, experts, and fam-
ilies have inuence on changing values and attitudes (Wood, 2000). Thus, farmers who
participate in agricultural and community organizations are more likely to adopt innova-
tions because not only do they become aware of a wider variety of new practices, they also
have opportunity to test and change values and attitudes. Network mechanism amongst
poorer- and well-o farmers may likely dier, as social status within villages aects out-
comes of dissemination methods. The former will possibly solicit more information from
peers, while the latter may primarily obtain knowledge from agricultural specialists (ex-
tension agents).
Hypothesis 10: Farmers who possess higher centrality scores may bemore adept
in procuring information thus having higher likelihood to practice more agro-
forestry.
An individual who have more connections to other individual and at the same time
hold central position in their local community, may be very likely to be an inuential
individual. These people may have access to the resources in their network and their
opinion is also most likely to heard by other members. Sparrowe et al. (2001) has shown
that Individual centrality in an advice network is positively associated with individual
performance. Innovations and performance can be produced if the actors occupy central
network position that provide access to new knowledge developed by other units, even
though it may be dependent on an individual’s capacity to replicate new knowledge (Tsai,
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2001). Farmers who inhibit the most central position in their network is more likely to
be innovative, making them a strong candidate to be an early adopter of agroforestry
practices.
Hypothesis 11: Training participants regardless of income group have higher
propensity to diuse knowledge regarding agroforestry practices to non-training
participants.
All training participants, in spite of the dierent income groups, are presumed to in-
crease their communication intensity with their agricultural advice network upon re-
turning from the training. As information is embedded in social interactions (Granovet-
ter, 1973), knowledge from the training is also more likely to be transferred from training
participants to non-participants. Chapter 5 shows the positive spillover from training par-
ticipants to non-training participants though it has yet to spur adoption. As agroforestry
benets are informed during the training course, farmers may be able to understand its
merits thus accelerating the implementation of agroforestry practices in their commu-
nity. In this chapter, I expect to see positive association between network ties to training
participants and adoption of more agroforestry practices for non-training participants.
Hypothesis 12: In the medium to long-term timeline, agroforestry adoption will
have indirect impact reducing income vulnerabilities especially for poorer farm-
ers.
To cope with risk, vulnerable households can smooth the income by making conserva-
tive production or employment choices and diversifying economic activities (Morduch,
1995). Diversied production provides smallholders with the opportunity to select a par-
ticular crop or crops for commercial production (such as coee or cocoa in the area) in
order to increase farm-generated income while meeting the increasing demands for local
produce. Based on previous studies such as Omamo (1998) and Gaiha and Imai* (2004)
who demonstrated that crop diversication reduces vulnerabilities, I hypothesize that
crop diversication will generally reduce households’ income variation, which will pri-
marily benet poorer farmers and protect them from external shocks.
6.3 agricultural management in tanggamus
Farm management in Tanggamus varies from traditional shaded coee-garden to com-
plex agroforestry system that combines many species of trees with various types of agri-
cultural crops. Traditional agroforestry practices, such as the planting of fruit trees in
home gardens and close to family dwellings are prevalent amongst shareholders farmers.
Tree garden systems are known to maintain high-quality soil while conserving water
(Castillo and Toledo, 2000; van Noordwijk et al., 2011). Apart from coee and cocoa as
the main cash crops, farmers benet from various provisions such as rewood, fodder,
fruits, and medicinal plants. In the study area, annual crop plants such as rice, cucum-
ber, tomato; perennial fruits such as banana, papaya, avocado, durian, snake fruit (Salak);
perennial industrial crops such as cocoa, coee, coconut, rubber, and oil-palm; perennial
herbs such as ginger, nutmeg, pepper, long pepper, chili; perennial vegetables such as
breadfruit, eggplant, cabbage, and wood plants such as teak, albasia, and mahogany are
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cultivated. Unlike annual crops, perennials are planted once and live for years, producing
many consecutive harvests. Farm management is on an extractive basis, with few inputs
such as fertilizer and organic pest management allocated to maintain productivity. Labor
is most of the case provided by family members and usually focused on tree maintenance
and product harvesting. Lampung is a major producer of fruit for sale to national mar-
kets, but the realities at the farmer level belittle this positive macroeconomic indicator.
Farmers primarily focus their resources on the production of commodity crops. Usually
fruit and other horticultural products from tree gardens are intended for household con-
sumption and local market sale. Management of those crops remains traditional, with
few resources allocated to their production.
Ocial extension system in Indonesia is carried out through farmer groups, following
Law 16/2006 on Extension System for Agricultural, Fishery and Forestry (Neilson, 2008)
. A farmer group consists of farmers living in nearby neighborhoods and cultivating the
same commodity of interest. It usually comprises 20 to 30 people living in the same neigh-
borhood, but may not necessarily represent everyone in a village. One or two extension
workers are assigned to each group to monitor the farmers’ progress and advances at
least once a month through monthly group meetings.
6.4 descriptive statistics
6.4.1 Descriptive Statistics of Training Participants by Income Group
As indicated in Figure 6, this study was carried out between September 2012 and Septem-
ber 2014. The 2012 baseline survey was conducted to all household heads in 16 randomly
selected coee- and cocoa-producing farming groups in the district of Tanggamus, in Pu-
lau Panggung and Sumberejo sub-districts, which are the district’s top producing areas.
During the September 2012 survey, I administered the questionnaire to 312 out of the 398
households (∼80%). Face-to-face interview was carried out to self-identied household
heads, which particularly asked about their socio-economic characteristics, agricultural
activities, as well as agricultural advice network.
The baseline survey found that farmers’ median annual farm income is around Rp.
12,800,000 (or US$ 1000). Most farmers belong to smallholder category with the average
cultivated land of 1 hectare.
In April 2013, I invited half of the surveyed farmers (152 people) to join agricultural
training in dierent locations. The invited 156 farmers were randomly placed into three
groups according to the location where their training would be conducted. Of the total 156
farmers, 52 farmers were randomly assigned to each one of the three training locations.
Table 27 shows the actual number of training participants, which is 120 out of the 156
invited farmers, or around 79%. Specically, 39 farmers (75%) were able to participate
in the training in their hometown, 39 (75%) attended training in intra-island location
but still located in the same province, and 42 (81%) participated in inter-island training,
respectively. Distribution is even amongst poorer farmers and relatively well-o farmers,
indicating that randomization works well. Accommodation, food, and travel insurance
during the trip were provided for farmers participating in intra-island and inter-island
training.
Two professional trainers from the Indonesian Coee and Cocoa Research Institute (IC-
CRI) were invited to provide lectures during the rst two days, comprise in-class seminars
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Table 27: Training participation by income category
Non-invited respondents Invited by lottery Training
Participating Non-participating participation
respondents respondents rate
Below Me-
dian Farm
Income
Above Me-
dian Farm
Income
Below Me-
dian Farm
Income
Above Me-
dian Farm
Income
Below Me-
dian Farm
Income
Above Me-
dian Farm
Income
Training in hometown 19 (6%) 20 (6%) 5 (2%) 8 (3%) 75%
Training in intra-island 20 (6%) 19 (6%) 7 (2%) 6 (2%) 75%
Training in inter-island 20 (6%) 22 (7%) 3 (1%) 7 (2%) 81%
Total 82 (26%) 77 (25%) 59 (49%) 61 (20%) 15 (5%) 21 (7%)
156 (50%) 120 (38.5%) 36 (11.5%)
Grand Total 312 (100%)
regarding coee and cocoa cultivation respectively. The trainers and training-program
materials were identical at each location, with nearby training (hometown) is carried
out rst, followed by intra-island, and inter-island respectively. I ensured that all train-
ing locations oered similar environments. The in-class training materials for coee and
cocoa on the rst and second days consisted of basic cultivation training, such as (1)
information on shade trees, crop diversication, and the perceived benets both envi-
ronmentally and economically; (2) information on fertilizer, including ways to procure
organic fertilizers from livestock and to make compost from leaves residue; (3) ways to
select high-yield varieties and pruning methods. The third day primarily consisted of a
pilot-farm visit where trainers gave practical information regarding ways to maintain a
plantation using the situation and conditions in the pilot farm as an example. During the
pilot farm visit, farmers were introduced to selected prominent farmers in the district
who were chosen to represent the district. Farmers got the opportunities to exchange
information and ideas in this occasions even after the training program ends, as farmers
can swap contact information between each other. This enables farmers to maintain con-
tact and facilitate future cooperation. Moreover, training programs in remote-location,
namely in intra- and inter-island, have incorporated recreations to visit touristy places
in the district.
6.4.2 Descriptive Statistics of Agroforestry and Social Network by Income Group
Table 28 displays the general household characteristics of the invited and uninvited groups
to conrm our randomization process. Education, income, and community characteristics
do not signicantly dier between invited and uninvited farmers. Regardless of income
category, household heads are on average in their 40s, have 8 years of formal education
(do not complete middle school), and possess at least one mobile phone or motorbike.
Farmers possess 1.2 hectares farmland, with the below-median income farmers having
less than 1 hectares ( 0.8 Ha). Income from agricultural activities on average are between
18-19 million Rp. (or US$ 1300∼1400) annually. Above-median farm income farmers ob-
tain around 27 million Rp. (∼US$ 2100) while their below-median farm income counter-
parts earn 9-10 million Rp. (∼US$ 700) annually, indicating that the gap is relatively big
for these two income groups.
Farmers with above-average farm income category cultivate around 2.8 crop categories
and 3.7 crop diversities, compared to 2.4 plant categories and 3 plant diversities for those
belong to below-median farm income category. Majority of these crops comprise indus-
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trial crops, spices, and fruits crops. Only very few farmers cultivate legume crops and
vegetable crops in their farmland.
Post-evaluation surveys were conducted twice, in September 2013 and then in Septem-
ber 2014, making a three years panel dataset. Table 29 shows whether diversication
pattern changed due to training participation. All farmers in general reported a signi-
cant increase in the number of crop cultivated, both by category and by diversity. Even so,
non-training participants are seen to contribute more to this than non participants. On
average, farmers cultivate more fruit crops followed by spice crops. Training participants
have signicantly increased their fruit crops cultivation, while non-training participants
have planted more spice and fruit crops. However, all respondents in general are found
to have signicantly decreasing their legume crops cultivation. In terms of perceived
benets, all respondents testied that they signicantly felt the conserved soil and water
happening in their farmland. However, for provision for medicinal purpose, only training
participants felt the benets.
Lastly, Table 30 illustrates various social network variables. Richer training partici-
pants in general talk signicantly more with their agricultural informants compared
to poorer training participants. However, after the training, the dierence becomes no
longer signicant.
6.5 empirical methodology
6.5.1 Dependent Variables
This study attempts to see the impact of institutionalized trainings upon the dierence
in adoption patterns of agroforestry between low- and high-income farmers. I found that
farm income is skewed towards low income; hence I regard poorer farmers as those whose
income falls below median farm income. As an addition, this study distinguishes between
the impact of training in general, and the impact of training on dierent income group. In
particular, I intend to examine whether training has had any impact upon these variables:
1. The agroforestry index
Table 31 exhibits the list of crops that farmers cultivate within the study period in
the area. Crops are categorized according to its functions with the the following
breakdown: rice and corn as cereal; dogfruit, petai, almond, peanut, and soybean
as legume; coee, cocoa, coconut, rubber, tobacco, and palm as industrial crops;
pepper, chili, nutmeg, clove, and ginger as spices; tomato, cabbage, eggplant, and
cucumber as vegetables; banana, durian, snakefruit (salak), papaya, durian, and av-
ocado as fruits; albasia, teak, and mahogany as hardwood.
Two agroforestry indexes are formulated, the rst being the crop diversity, or sim-
ply the number of crops i.e. rice, corn, peanut, soybean, coee, cocoa, etc; and sec-
ond being the crop category, or the number of crops according to the category,
which are cereal crops, legume crops, industrial crops, spice crops, fruit crops, veg-
etable crops, and hardwood. As one of the training’s major theme is about agro-
forestry or agricultural diversication, I expect to see how training can inuence
household decision to diversify their agricultural produce.
2. The perceived benets of agroforestry
For those cultivating more than 1 commodity, I asked whether farmers feel the bene-
ts of agroforestry after they implemented agroforestry (that is Agroforestry Index
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Table 28: Descriptive statistics of the invited and uninvited farmers
Not Invited to Training Invited to Training
Variable All Above Median Below Median All Above Median Below Median
Farm Income Farm Income Farm Income Farm Income
Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
Household Characteristics
Age of Household head 46.81 11.79 46.10 11.43 47.46 12.1 44.66 10.85 45.32 10.45 43.88 11.26
Household head Years of
Education
8.43 3.55 8.62 3.53 8.254 3.577 8.31 3.23 8.40 3.09 8.21 3.40
Owned farmland 1.20 1.072 1.55 1.26 0.87 0.71 1.11 0.90 1.36 0.98 0.83 0.70
Log of owned farmland -0.1 0.75 0.19 0.71 -0.4 0.69 -0.1 0.76 0.14 0.66 -0.4 0.75
Cultivated farmland 1.15 0.98 1.50 1.15 0.82 0.64 1.09 0.86 1.32 0.93 0.835 0.67
Log of cultivated farmland -0.1 0.78 0.19 0.69 -0.4 0.768 -0.1 0.71 0.14 0.63 -0.4 0.70
Farm income (in million
Rp)
18 25.2 27.1 30.6 10.1 15.4 19 28.5 27.4 31.1 9.4 21.6
Log of farm income 16.08 1.26 16.71 0.97 15.5 1.23 16.15 1.22 16.74 0.96 15.48 1.14
No. of Mobile Phone 1.64 1.14 1.73 1.18 1.553 1.101 1.58 1.15 1.74 1.17 1.40 1.09
Coecient of Variation of
Farm Income
67.62 37.99 58.80 36.20 75.58 37.87 57.11 36.19 53.15 33.20 61.62 38.93
No. of Motorbike 1.34 0.87 1.47 0.91 1.224 0.825 1.45 0.99 1.68 1.04 1.19 0.85
Walking distance to farm-
land (in minutes)
19.62 21.89 20.20 17.73 19.11 24.99 24.67 62.02 32.26 84.47 16.41 12.38
Walking distance to paved
road (in minutes)
3.42 6.74 3.58 6.70 3.272 6.781 4.08 7.97 3.42 6.95 4.80 8.94
Observations 477 231 246 456 240 216
Agriculture Characteristics
Agroforestry Index (by
crop category)
2.58 1.04 2.79 1.04 2.39 0.99 2.70 1.02 2.86 0.99 2.52 1.02
Agroforestry Index (by
crop type)
3.34 1.47 3.70 1.47 3.01 1.39 3.38 1.34 3.55 1.28 3.20 1.37
Cereal (= 1 if planting) 0.19 0.40 0.18 0.39 0.21 0.41 0.15 0.36 0.15 0.35 0.16 0.37
Legume (= 1 if planting) 0.05 0.21 0.07 0.26 0.02 0.14 0.09 0.29 0.11 0.31 0.08 0.27
Industrial Crop (= 1 if
planting)
0.93 0.26 0.96 0.20 0.90 0.30 0.95 0.21 0.97 0.17 0.94 0.25
Spice (= 1 if planting) 0.59 0.49 0.71 0.46 0.48 0.50 0.60 0.49 0.69 0.46 0.51 0.50
Vegetable (= 1 if planting) 0.03 0.17 0.04 0.19 0.02 0.15 0.03 0.18 0.03 0.16 0.04 0.20
Fruit (= 1 if planting) 0.66 0.47 0.71 0.45 0.62 0.49 0.73 0.44 0.78 0.42 0.68 0.47
Hardwood (= 1 if planting) 0.15 0.36 0.16 0.36 0.15 0.36 0.14 0.35 0.15 0.36 0.13 0.34
Observations 477 231 246 456 240 216
Perceived Benet of Diversication (Only in 2012 and 2013)
Conserved Soil and Water
(= 1 if experiencing)
0.47 0.50 0.49 0.50 0.45 0.50 0.50 0.50 0.54 0.50 0.46 0.50
Reducing Crop Failure (= 1
if experiencing)
0.51 0.50 0.55 0.50 0.48 0.50 0.49 0.50 0.48 0.50 0.51 0.50
Procuring for Medicinal
Purpose (= 1 if experienc-
ing)
0.15 0.36 0.14 0.35 0.16 0.37 0.15 0.36 0.13 0.34 0.17 0.38
Procuring for Fuelwood (=
1 if experiencing)
0.75 0.43 0.78 0.42 0.73 0.45 0.80 0.40 0.81 0.39 0.78 0.41
Improved Surrounding (=
1 if experiencing)
0.78 0.42 0.79 0.41 0.76 0.43 0.85 0.36 0.87 0.34 0.82 0.39
Observations 318 154 164 304 160 144
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Table 29: Descriptive statistics of the agroforestry diusion and adoption prior to and after the
training
All Farmers | Training Participants Non-Training Participants Mean Dierence1
Variables Before
Train-
ing
After
Train-
ing
Di. Before
Train-
ing
After
Train-
ing
Di. Before
Train-
ing
After
Train-
ing
Di. Before
Train-
ing
After
Train-
ing
Agroforestry Index (by
crop category)
2.39
(1.11)
2.76
(0.96)
0.371
***
2.52
(1.12)
2.80
(0.93)
0.277** 2.307
(1.09)
2.736
(0.98)
0.429
***
0.222** 0.069
Agroforestry Index (by
crop diversity)
3.14
(1.56)
3.47
(1.31)
0.337
***
3.27
(1.48)
3.50
(1.25)
0.22 3.05
(1.60)
3.46
(1.34)
0.406** 0.22 0.04
Cereal (= 1 if planting) 0.176
(0.38)
0.173
(0.38)
-0.003 0.126
(0.33)
0.147
(0.35)
0.021 0.208
(0.41)
0.190
(0.39)
0.018 -
0.082*
-0.043
Legume (= 1 if planting) 0.093
(0.29)
0.057
(0.23)
-
0.03**
0.126
(0.333)
0.075
(0.26)
-0.05 0.072
(0.26)
0.046
(0.21)
0.02 0.053 0.029
Industrial Crops (= 1 if
planting)
0.945
(0.23)
0.938
(0.24)
-0.006 0.974
(0.15)
0.953
(0.21)
0.021 0.927
(0.26)
0.929
(0.26)
0.002 0.047* 0.024
Spice (= 1 if planting) 0.508
(0.50)
0.639
(0.48)
0.131
***
0.537
(0.50)
0.626
(0.48)
0.088 0.489
(0.50)
0.648
(0.48)
0.158*** 0.048 0.022
Vegetable (= 1 if planting) 0.038
(0.19)
0.028
(0.17)
-0.009 0.025
(0.157)
0.037
(0.19)
0.012 0.046
(0.21)
0.023
(0.15)
0.023 -0.021 0.014
Fruit (= 1 if planting) 0.524
(0.50)
0.782
(0.41)
0.258
***
0.613
(0.489)
0.844
(0.36)
0.231*** 0.468
(0.50)
0.744
(0.44)
0.276
***
0.144** 0.099
***
Hardwood (= 1 if planting) 0.135
(0.34)
0.154
(0.36)
0.019 0.142
(0.351)
0.134
(0.34)
0.008 0.130
(0.34)
0.166
(0.37)
0.036 0.012 -0.032
Conserved Soil and Water
(= 1 if experiencing)
0.389
(0.49)
0.581
(0.494)
0.192
***
0.361
(0.482)
0.647
(0.48)
0.285
***
0.406
(0.49)
0.541
(0.50)
0.135
***
0.044 0.105*
Reducing Crop Failure (= 1
if experiencing)
0.511
(0.50)
0.49
(0.50)
-0.019 0.487
(0.546)
0.501
(0.50)
0.058 0.526
(0.50)
0.458
(0.50)
0.0677 -0.038 0.087
Procure for Medicinal Pur-
pose (= 1 if experiencing)
0.147
(0.36)
0.154
(0.36)
0.006 0.100
(0.30)
0.21
(0.41)
0.109** 0.177
(0.38)
0.119
(0.33)
0.057 -
0.076*
0.090**
Procure for Fuelwood (= 1
if experiencing)
0.82
(0.38)
0.726
(0.45)
-0.096
***
0.831
(0.375)
0.773
(0.42)
0.058 0.817
(0.39)
0.697
(0.46)
-0.119
***
0.014 0.075
Improved Surrounding (=
1 if experiencing)
0.794
(0.40)
0.826
(0.38)
0.032 0.831
(0.375)
0.890
(0.31)
0.058 0.770
(0.42)
0.786
(0.41)
0.015 0.061 0.104**
Log of Farm Income 16.19
(1.29)
16.06
(1.216)
-0.129 16.203
(1.13)
16.049
(1.17)
0.154 16.19
(1.37)
16.079
(1.24)
0.114 0.0095 0.029
1 (Between Training Participant vs Non-training Participant)
Standard deviations are in parentheses. ***, **, and * signify statistical signicance at the 1%, 5% and 10% level, respectively.
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Table 30: Summary statistics of farmers’ network by income category
All Farmers (Participants and Non-participants) All Training Participants Non-training participants
Before Training After Training Before Training After Training Before Training After Training
Below
Median
Farm
Income
Above
Median
Farm
Income
Di. Below
Median
Farm
Income
Above
Median
Farm
Income
Di. Below
Median
Farm
Income
Above
Median
Farm
Income
Di. Below
Median
Farm
Income
Above
Median
Farm
Income
Di. Below
Median
Farm
Income
Above
Median
Farm
Income
Di. Below
Median
Farm
Income
Above
Median
Farm
Income
Di.
Number of advice network
who went to the same
training location
0.61
(0.87)
0.52
(0.85)
-0.09 0.491
(0.72)
0.39
(0.625)
-0.1
Number of advice network
who went to the dierent
training location
0.77
(0.87)
1 (1.02) 0.22 0.78
(1.06)
0.73
(1.02)
-0.05
Number of advice network
who did not go to the
training1
2.71
(2.13)
4.76
(3.60)
2.1*** 2.83
(1.95)
3.80
(2.61)
0.9**
Number of advice network
whom respondent meets
frequently2,3
2.73
(3.14)
3.76
(3.62)
1.0*** 1.38
(2.65)
1.49
(2.31)
0.10 2.37
(2.52)
3.84
(2.98)
1.47** 1.46
(2.36)
1.51
(2.72)
0.047 2.95
(3.47)
3.71
(3.97)
0.76 1.33
(2.29)
1.47
(2.61)
0.14
Know extension agent
and have frequent
contact3,4,5
0.188
(0.39)
0.26
(0.44)
0.07 0.22
(0.42)
0.18
(0.38)
-0.03 0.135
(0.35)
0.28
(0.45)
0.14** 0.254
(0.44)
0.26
(0.445)
0.01 0.22
(0.41)
0.25
(0.43)
0.02 0.2
(0.40)
0.13
(0.34)
-0.06
Know professional train-
ers from Indonesian Cof-
fee and Cocoa Research In-
stitute (ICCRI)3,4
0.00 (0) 0.00 (0) 0 0.38
(0.49)
0.45
(0.07)
0.07
Know contact farmers
from inter-island training
location3,4
0.00 (0) 0.00 (0) 0 0.068
(0.2556)
0.12
(0.31)
0.05
Know contact farmers
from intra-island training
location3,4
0.00 (0) 0.00 (0) 0 0.12
(0.33)
0.18
(0.39)
0.06
Out-degree Centrality6 0.262
(0.153)
0.341
(0.221)
0.079*** 0.212
(0.148)
0.254
(0.163)
0.04*** 0.253
(0.161)
0.329
(0.277)
0.07* 0.229
(0.166)
0.253
(0.174)
0.024 0.267
(0.149)
0.35
(0.217)
0.08*** 0.201
(0.134)
0.254
(0.155)
0.05***
Out-closeness Centrality6 0.532
(0.093)
0.575
(0.1338)
0.041*** 0.598
(1.416)
0.561
(1.48)
-0.03 0.518
(0.100)
0.572
(0.142)
0.05** 0.528
(0.1558)
0.573
(0.1447)
0.044** 0.541
(0.088)
0.578
(0.128)
0.037** 0.644
(1.827)
0.553
(0.143)
-0.09
Betweenness Centrality6 0.052
(0.0886)
0.068
(0.87)
0.015 0.050
(0.082)
0.087
(0.126)
0.036*** 0.054
(0.108)
0.0685
(0.087)
0.0143 0.056
(0.0818)
0.101
(0.153)
0.044** 0.051
(0.074)
0.068
(0.088)
0.0167 0.047
(0.082)
0.07
(0.101)
0.02***
No of network who are
training participants
1.014
(1.43)
1.05
(1.48)
0.035 1.41
(1.229)
1.34
(1.201)
-0.071 1.05
(1.25)
1.19
(1.306)
0.014 1.58
(1.29)
1.33
(1.218)
-0.252 0.99
(1.47)
0.97
(1.56)
-
0.0197
1.30
(1.07)
1.34
(1.192)
0.046
No of network who are in-
vited to training
1.18
(1.55)
1.37
(1.89)
0.184 1.67
(1.275)
1.68
(1.29)
0.010 1.20
(1.42)
1.57
(1.827)
0.373 1.81
(1.34)
1.613
(1.224)
-0.196 1.177
(1.63)
1.26
(1.921)
0.086 1.58
(1.22)
1.74
(1.33)
0.151
1(May or may not be farmers); 2(Meet at least once every 1,2 days); 3( = 1 if Yes); 4(Only available in 2012 and 2013); 5(Have contact at least once every 2 weeks);
6(Only applicable for those who listed farmers group members as agricultural informants)
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by crop diversity > 1 or Agroforestry Index by crop category > 1). Amongst the per-
ceived benets covered in this study is environmental benets and economic bene-
ts. Environmental benets encompass conserved soil and water and improved sur-
roundings, while economic benets consist of reducing complete chances of crop
failure, procuring for medicinal purposes, and provision for fuelwood. For an adop-
tion of agroforestry to take place, farmers have to be knowledgeable regarding the
benets that come from it. Training functions to spread awareness regarding such
benets, thus can alter households’ attitudes toward adopting the diversication.
3. Network of training participants upon returning from training
During the training, farmers get exposed with new information, training experi-
ence, as well as numerous contact farmers. As farmers tend to discuss with oth-
ers, particularly with people in their farmers group regarding farming activities, I
intend to see how their training experience has shaped or changed their commu-
nication pattern with their advice network. To solicit information regarding their
network, I ask farmers all the name of those people they sought information from,
then I identify whether their advice network belong to the same training group,
dierent training group, or people who do not go to the training at all.
4. Network with peers and experts for all respondents
In the rural area, extension ocials are becoming one of the most important infor-
mation source for farmers regarding agricultural management. Farmers who know
an extension agent and have frequent contact with them are commonly believe to
be able to get rsthand information and innovation pertains to farming manage-
ment. All respondents are asked whether they know an extension agent (knowing
means mutually, so they could contact them directly) and whether they communi-
cate frequently or at least once every two weeks. Apart from network with experts,
ties with peers or agricultural informants and their frequency of meetings are also
explored, namely advice network both from within the farmers’ group or outside
the farmers’ group. Training is also expected to have altered farmers network pat-
terns with agricultural specialists.
5. Personal Network with bridging ties
In this training program, I introduce farmers to new bridging ties, namely pro-
fessional trainers from the national research institute, and contact farmers from
the neighboring district and island. While only participants trained in intra- and
inter-island are exposed to network with inuential person from across district and
island, all training participants in general have the opportunity to interact person-
ally with trainers even after the training ends. As almost all farmers possess mobile
phone, they can easily contact these bridging ties to exchange ideas and knowledge
regardless of location.
6. Income smoothing
Farmers who diversify their agricultural produce is more likely to have lower in-
come variation. The more number of crops enable them to cope with the risk of
complete crop failure and other risks associated with market and climatic condi-
tion. To examine the relationship between agricultural diversication and income
smoothing, I employ coecient of variation (CV) of farmers’ farm income within 3
years timespan. The Coecient of Variation is a distribution’s standard deviation
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Table 31: List of crops cultivated in the study area
Cereal Crops Legume Crops Industrial Crops Spice Crops Vegetable Crops Fruit Crops Hardwood
Rice Soybean Coee (Arabica) Chili Cabbage Durian Teak
Corn ‘Petai Coee (Robusta) Nutmeg Cucumber Snakefruit Mahogany
Peanut Tobacco Clove Eggplant Banana Albasia
Almond Cocoa Tomato Avocado Jabon
Dogfruit Palm Papaya Other Wood
Coconut
Areca
divided by its mean. To check for robustness, I use the real value and log value of
farm income.
6.5.2 Estimation Strategy
As is always the case with impact-evaluation studies, participation in training is likely to
cause a self-selection bias. Although I randomly invited farmers to participate and Table
20 shows that on average no dierences exist between invited and non-invited farmers,
the decision of whether to participate in training is ultimately the farmer’s choice and
thus the model may suer from endogeneity in this variable. To examine the pure eect
of training participation, I employ the Local Average Treatment Eect (LATE) model and
instrument the participation status with random invitation status. Thus, I report the treat-
ment eect on the treated (TOT) rather than the intention-to-treat (ITT) eects. Among
the models tested are the Fixed-Eect and Random-Eects instrumental variable models.
However, due to the Hausman-test result, which supported the validity of employing the
Random-Eects model in most of the model, in addition to the ability to t more into the
data and the analysis, I decided to employ the Random-Eects-IV model as follows:
1. Eects of Training on Agroforestry Index
AgroforestryIndexi,t = α+β1Ti,t ∗Y+β2Ti,t+β3Ti,t ∗Y ∗LowIncome+β4Ti,t ∗
LowIncome+β5LowIncome+β6Y + ui +wi,t
2. Eects of Training on Perceived Benets of Agroforestry on Condition of Practicing It
PerceivedBenefiti,t = α+β1Ti,t ∗ Y +β2Ti,t +β3Ti,t ∗ Y ∗ LowIncome+β4Ti,t ∗
LowIncome+β5LowIncome+β6Y + ui +wi,t if Agroforestry Index > 1
where i is the household head in year t. In Estimation 1, the dependent variable is
agroforestry index. The independent variable is the interaction term between the training
participation dummy (T ) and the year of post-2013 (Y), to see the impact of training upon
adoption. I also construct the same interaction term for poorer farmers (LowIncome),
which is farmers with below median farm income.
In Estimation 2, the dependent variable is perceived benets of agroforestry, or the
dummy variable of agroforestry benets (Y = 1 if experienced the benets) predicated
on the condition of cultivating more than 1 category or diversity in the farmland. These
perception variables are only available in 2012 and 2013.
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To investigate the causes of agroforestry adoption, further analysis are employed, on
how farmers’ social networks have changed due to training and how this network con-
tributes to farmers’ agricultural diversication. For this I have the following model:
3. Eects of Training on Various Social Network Variables (Poorer vs Richer Farmers)
AdviceNetworki,t = α+ β1Ti,t ∗ Y + β2Ti,t + β3Ti,t ∗ Y ∗ LowIncome+ β4Ti,t ∗
LowIncome+β5LowIncome+β6Y + ui +wi,t
In Estimation 3, the dependent variable is various social network variables. Variable
construction method is as follow: farmers have to recall the names of people outside
their household from whom they seek advice, can learn from, or from whom they can
generally obtain useful information about farming practices, particularly about coee
and/or cocoa. For this part, I am trying to investigate the impact of the training upon
four personal-network variables, namely:
(PN1) Training participants’ agricultural network upon returning from training
This stands for the investigation whether training participants increase their communi-
cation intensity with fellow farmers who went to the same training group, a dierent
training group, or farmers who did not go to the training at all.
(PN2) Training participants’ personal network with bridging ties upon return-
ing from training
Training participants got exposed with possible bridging ties (namely trainers and in-
uential contact farmers) that can connect participants to access knowledge from their
locale to the outside world. Professional trainers, were introduced to the training par-
ticipants during the course of the training. Trainers gave their mobile numbers to the
participants so they can access them personally even after the training ends. Inuential
contact farmers on the other hand, are introduced to farmers who undertook training in
intra-island and inter-island locations throughout the pilot farm visit. During the visit,
participants are able to exchange mobile numbers with these contact farmers, so outside
the training realm they can possibly exchange information regarding farming practices.
This variable examines farmers’ network extension outside their community, whether
they "know" some bridging ties as the source of advice and keep communicate with them.
"Knowing" has to be mutual. So, if a farmer says they know a person, then, that person
should also know that farmer. "Knowing" also means that the farmer can directly contact
the person when needed. However, data on networking with bridging ties are only avail-
able for 2012 and 2013.
(PN3) Farmers’ meeting frequency with their agricultural informants
This variable represents whether training has had any impact upon farmers’ meeting fre-
quency with agricultural informants in general.
(PN4) Farmers’ network ties with agricultural specialists
This variable examines farmers’ communication frequency with agricultural specialists,
namely extension agents. Extension agents are regarded as more advanced sources of in-
formation than fellow farmers and are readily accessible for consultation. However, data
on networking with experts are only available for 2012 and 2013.
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4. Eects of Network Position on Agroforestry Adoption
Previously, Section 4 concludes that one’s position in their locale matters for learning
outcomes, as farmers who occupy the central position in their network tend to have bet-
ter information processing ability. This part intends to see whether such eects present
in the household’s decision to diversify their agricultural produce.
Network position is measured based on information regarding advice network from in-
side the farmers group (peers advice network). In the questionnaire, farmers are asked the
names of people outside their household from whom they seek advice regarding farming
practices from inside their farmers group. In group-level, farmers testied whom they
obtained information from or talked to regarding agricultural practices, so the direction
is outward. Network position can help explain the individual level of importance and in-
uence within the group.
Network centrality can be a proxy to measure network position within the farmers group.
The information needed to construct network centrality is the identier of the individual
who initiated the advice seeking (source) and the identier of the individual who serves
as the target of the advice seeking (target) from each farmers group that become the unit
of the study. In this chapter, the variable of interest is centrality measures of training
participants post training (Centralityi,t ∗ Ti,t ∗ Y). Three kinds of centrality measures
are computed, namely degree-centrality, closeness-centrality and betweenness centrality
(see Section 4.5 for reference).
However, network position is likely to be correlated with other individual-specic unob-
served variables that positively impact agroforestry adoption. For instance, richer train-
ing participants tend to have higher centrality scores to begin with compared to the
poorer participants. Therefore, the between eect (and the estimate from the random
intercept model, which is a weighted average of the between and within estimates), may
overestimate the eect of network position (Wooldridge, 2010). In such cases, a corre-
lated random-eects model becomes an alternative because of it can estimate the within
eects in random eect models (Allison, 2009; Schunck, 2013; Mundlak, 1978). I perform
the correlated random eects model as follow:
AgroforestryIndexi,t = α+β1Centralityi,t ∗ Ti,t ∗ Y +
β2Centralityi,t+β3Ti,t ∗Y+β4Ti,t+β5Ti,t ∗Y ∗LowIncome+β6Ti,t ∗LowIncome+
β7LowIncome+β8Y + pixi + ui +wi,t if Agricultural Advice Network > 0
Estimation 4 examines the eects of farmers’ network position in their local neigh-
borhood on the agroforestry adoption post training using the correlated random eects
(CRE) model. The CRE model relaxes the assumption of zero correlation between the
level 2 (for example, subject) error and the level 1 (for example, occassions) variables by
adding the cluster mean of xi,t which picks up any correlation between this variable and
the level 2 error (Mundlak, 1978; Wooldridge, 2010).
Therefore, in this estimation, the variable of interest isCentrality∗Trainingi,t ∗Post2013.
Eects of centrality measures in general on the adoption of agroforestry practices are also
represented in Centrality.
5. Information Spillover from Training Participants to Non-training participants
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AgroforestryIndexi,t = α+β1NetworkParticipantsi,t ∗ Ti,t ∗ Y +
β2NetworkParticipantsi,t ∗LowIncome ∗ Ti,t ∗Y+β3NetworkParticipantsi,t+
β4NetworkParticipantsi,t ∗LowIncome+β5Ti,t ∗Y+β6Ti,t+β7Ti,t ∗Y ∗LowIncome+
β8Ti,t ∗ LowIncome+β9LowIncome+β10Y+ui+wi,t if Non-training Participants
= 1
In Estimation 5, I particularly examine the spillover of training participants by income
group on agroforestry practices to non-participants. For this estimation, separate regres-
sion is run for the non-training participants. The main variable of interest is network
with training participants post training (Network
Participantsi,t ∗ Ti,t ∗ Y), which is dened as farmers’ agricultural advice network who
attended the training. Farmers are asked from whom they get information pertaining to
farming practices, and then I identify whether these individuals were selected to attend
the training and have actually attended the training. This network variable may possibly
be endogenous because those who diversify more may be inuential thus already hav-
ing more networks to begin with. Furthermore, this variable is treated as an independent
variable in further analysis. To deal with endogeneity, social network with training partic-
ipants is instrumented with social network with farmers who are invited to the training,
as invitation to attend the training is randomized.
6. Eects of Agroforestry on Income Vulnerabilities
CV of Farm Income = α+β1AgroforestryIndex+β2X+ ui
Finally, estimation 6 models the impact of agroforestry on income smoothing or coe-
cient of variation of farm income. I employ ordinary least square (OLS) for this estimation.
The independent variables are various household characteristics.
6.6 results
6.6.1 Eects of Training on Agroforestry Index
Table 32 illustrates the regression results on agroforestry index, both according to their
category and diversity. Column 1 to 4 showed that in general, training participants cul-
tivate lesser crops than before the training by almost 0.5 points. However, relative to
their richer counterparts, poorer farmers signicantly increased their crop diversity or
kept their crop category by 0.4 points even after crop and village dummies are controlled.
General training participants may learn from the training that the commodities they are
currently cultivating are not aligned with their livelihood strategies i.e. not suitable -
nancially or environmentally, and that they better replace the less-protable crops to
specialize on the main cash crops. On the contrary, the poorer in the community behaves
dierently after the training, that they opt to increase the diversity or keep the number
of crop category probably due to capital constraints. This nding may mean that: (1) The
poor may be more knowledgeable regarding the benets of diversifying their farm after
the training, hence adapting their livelihood strategy to diversify their crops upon return-
ing from the training program, or (2) Even if they intend to specialize on the main cash
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crops, they are unable to do so due to the capital constraints, hence keeping the number
of crop category.
The fact that general training participants diversify less after the training
proves that the seventh hypothesis is not supported. In order for agricultural prac-
tices to be adopted fully, farmers have to be aware of its merits. In this context, agro-
forestry may not be appropriate for farmers in general. However, this study provides
more evidence that the poor behaves dierently when it comes to diversifying their farm
strategy, making agroforestry an eective measure for the poor to optimize their farm
management.
6.6.2 Eects of Training on Perceived Benets of Agroforestry
Table 33 exhibits the eects of training on perceived merits of agroforestry after imple-
menting it in the farmland. Column 1 to 8 analyze the perceived benets of agroforestry
according to crop category, while column 9 to 16 provide similar analysis according to
crop diversity. In column 1 to 4, all training participants reported that they benet from
diversication by crop category, particularly the conserved soil and water and the pro-
vision for fuelwood. In the case of poorer farmers in column 5 and 8, they testied that
they beneted from the provision of medicinal purposes and increased food income. The
weaker eects are seen in column 9 to 16 when similar analysis are conducted based on
plant diversity or simply the number of crops cultivated. Only economic benets are testi-
ed by both training participants in general and training participants coming from below
median income category, namely the provision of fuelwood and medicinal purposes re-
spectively.
The nding suggests that dierent perceived benet is seen between lower
vs. higher income training participants, in which the eighth hypothesis is sup-
ported. Higher income farmers tend to feel the environmental merits of diversication
i.e. conserved soil and water and economical i.e. provision of fuelwood. On the other
hand, lower income farmers benet from medicinal purposes and increased food income.
Franzel and Scherr (2002) argued that it is likely to take three to six years before agro-
forestry’s ecological benets begin to be fully realized compared to the few months
needed to harvest and evaluate a new annual crop or method. The ndings may mean
that (1) for environmental benets, agroforestry has delivered the merits since before
the training, but farmers just realized it after the training due to increased knowledge,
and (2) for economic benets, the farmers are already informed regarding the advan-
tages since before the training, but they experienced it after implementing the techniques
post-training. Poorer farmers may have realized that diversifying the crops may help in-
creasing food income, but they lack of knowledge regarding suitable crops or technical
matters. After obtaining the correct knowledge, they implemented it in their farmland
thus experiencing the benets.
6.6.3 Eects of Training upon Social Network Variables (Poorer vs Richer Farmers)
Various social networks of training participants are examined in Table 34 and 35. Ta-
ble 34 shows that generally training participants who belong to same training group do
not signicantly communicate amongst themselves upon returning, but they seemed to
have less contact with agricultural informants who went to the dierent training loca-
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Table 32: Eects of training on agroforestry index
Variables Agroforestry Index
By Category By Diver-
sity
By Category By Diver-
sity
By Category By Diver-
sity
(1) (2) (3) (4) (5) (6)
Training * Post 2013 * Low
Income
0.438**
(0.217)
0.474*
(0.282)
0.431**
(0.218)
0.479*
(0.281)
0.170*
(0.0981)
0.118
(0.187)
Training * Post 2013 -0.496***
(0.192)
-0.470*
(0.248)
-0.468**
(0.193)
-0.424*
(0.249)
-0.191**
(0.0872)
-0.0949
(0.166)
Training Dummy * Low In-
come
-0.213
(0.248)
0.115
(0.350)
-0.207
(0.245)
0.156
(0.345)
-0.119
(0.0953)
0.374*
(0.222)
Training Dummy 0.419**
(0.195)
0.112
(0.272)
0.376*
(0.194)
0.0192
(0.271)
0.199
(0.0784)
-0.295*
(0.177)
Below Median Farm Income -0.406***
(0.110)
-0.685***
(0.161)
-0.413***
(0.110)
-0.744***
(0.162)
-0.00617
(0.0395)
-0.202*
(0.104)
Year of 2013 0.653***
(0.0900)
0.714***
(0.117)
0.629***
(0.0910)
0.682***
(0.118)
0.179***
(0.0427)
0.161**
(0.0821)
Year of 2014 0.303***
(0.0900)
0.141
(0.117)
0.283***
(0.0907)
0.108
(0.117)
-0.0314
(0.0421)
-0.254***
(0.0811)
Cereal Crop1 0.971***
(0.0380)
1.007***
(0.0821)
Legume Crop1 1.011***
(0.0515)
1.070***
(0.112)
Industrial Crop1 1.033***
(0.0712)
1.396***
(0.154)
Spice Crop1 0.959***
(0.0289)
1.119***
(0.0626)
Vegetable Crop1 0.792***
(0.0808)
0.749***
(0.175)
Fruit Crop1 1.059***
(0.0319)
1.181***
(0.0708)
Age of Household Head -0.000402
(0.00134)
0.00543
(0.00335)
Years of Education of House-
hold Head
0.000528
(0.00420)
0.0259**
(0.0105)
Log of Cattle Value -0.000371
(0.00218)
0.00108
(0.00482)
No of Household Members 0.00482
(0.0102)
0.0279
(0.0227)
Native1 0.00708
(0.0583)
0.115
(0.155)
Second Generation
Migrant1
0.0546*
(0.0325)
-0.149*
(0.0855)
Log of Cultivated Farmland -0.00512
(0.0197)
0.1049**
(0.04540)
Constant 2.474***
(0.0967)
3.416***
(0.136)
2.395***
(0.172)
3.494***
(0.250)
0.0190
(0.1262)
-0.00610
(0.295)
Village Fixed Eects NO NO YES YES NO NO
Observations 933 933 926 926 838 838
Number of Household id 311 311 311 311 310 310
R-squared 0.0870 0.0743 0.135 0.127 0.866 0.650
Hausman test 1.0000 0.000 0.996 0.994 0.9378 0.0002
1(= 1 if Yes)
Estimation is based on Random-Eects models. Standard errors are in parentheses. ***, **, and * signify statistical signicance at the 1%,
5% and 10% level, respectively. All training dummy is instrumented by all lottery (invitation) result. Village dummies are not shown for
brevity.
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Table 33: Eects of training on perceived benets of agroforestry if adopting diversication (N crops > 1)
Variables If Agroforestry Index by Category > 1 If Agroforestry Index by Diversity > 1
Conserved Soil Provision for Provision for Increased Food Conserved Soil Provision for Provision for Increased Food
and Water Fuelwood Medicinal Purposes Income and Water Fuelwood Medicinal Purposes Income
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16)
Training * Post 2013 * Low In-
come
-0.146
(0.148)
-0.119
(0.152)
-0.142
(0.113)
-0.122
(0.114)
0.234**
(0.118)
0.255**
(0.118)
0.160
(0.111)
0.191*
(0.113)
-0.0967
(0.142)
-0.0686
(0.146)
-0.148
(0.108)
-0.127
(0.110)
0.244**
(0.115)
0.271**
(0.115)
0.141
(0.106)
0.161
(0.107)
Training Dummy * Low In-
come
0.0443
(0.141)
-0.0364
(0.143)
0.103
(0.109)
0.0700
(0.107)
-0.0988
(0.105)
-0.180*
(0.108)
-0.108
(0.113)
-0.146
(0.113)
0.0199
(0.136)
-0.0658
(0.137)
0.0758
(0.105)
0.0443
(0.102)
-0.110
(0.102)
-0.189*
(0.104)
-0.0810
(0.108)
-0.105
(0.109)
Training * Post 2013 0.233*
(0.130)
0.185
(0.135)
0.253**
(0.0993)
0.246**
(0.101)
0.167
(0.104)
0.148
(0.105)
-0.00776
(0.0976)
-0.0338
(0.0995)
0.191
(0.126)
0.143
(0.130)
0.231**
(0.0957)
0.214**
(0.0974)
0.0964
(0.102)
0.0739
(0.102)
0.00870
(0.0943)
-0.0263
(0.0948)
Training Dummy -0.0734
(0.108)
-0.00103
(0.110)
-0.107
(0.0833)
-0.128
(0.0819)
-0.142*
(0.0812)
-0.0792
(0.0829)
-0.0188
(0.0860)
-0.00457
(0.0859)
-0.0263
(0.0948)
0.0444
(0.105)
-0.0894
(0.0801)
-0.106
(0.0786)
-0.0678
(0.0786)
-0.00901
(0.0801)
-0.0324
(0.0827)
-0.0215
(0.0832)
Below Median Farm Income -0.0317
(0.0649)
-0.00388
(0.0664)
-0.00162
(0.0503)
0.0508
(0.0494)
0.0478
(0.0467)
0.0670
(0.0494)
-0.00670
(0.0532)
0.0236
(0.0538)
-0.0427
(0.0631)
-0.0110
(0.0639)
0.00431
(0.0485)
0.0544
(0.0475)
0.0387
(0.0452)
0.0522
(0.0476)
-0.0248
(0.0513)
0.00247
(0.0526)
Year of 2013 0.151**
(0.0586)
0.175***
(0.0623)
-0.193***
(0.0447)
-0.208***
(0.0468)
-0.110**
(0.0469)
-0.0997**
(0.0483)
-0.0500
(0.0440)
-0.0597
(0.0462)
0.162***
(0.0557)
0.184***
(0.0595)
-0.186***
(0.0424)
-0.199***
(0.0445)
-0.0921**
(0.0453)
-0.0804*
(0.0466)
-0.0708*
(0.0419)
-0.0747*
(0.0436)
Cereal Crops Dummy -0.126**
(0.0593)
-0.0301
(0.0443)
8.13e-05
(0.0450)
-0.0444
(0.0458)
-0.118**
(0.0583)
-0.0410
(0.0435)
0.00742
(0.0446)
-0.0649
(0.0450)
Legume Crops Dummy -0.0780
(0.0761)
0.0416
(0.0568)
0.00984
(0.0574)
0.0282
(0.0596)
-0.0697
(0.0756)
0.0400
(0.0564)
0.00934
(0.0573)
0.0212
(0.0595)
Industrial Crops Dummy 0.0371
(0.204)
0.519***
(0.153)
0.0379
(0.154)
0.0168
(0.161)
0.0392
(0.204)
0.534***
(0.152)
0.0384
(0.154)
0.0302
(0.161)
Spice Crops Dummy 0.00230
(0.0523)
0.104***
(0.0391)
0.0436
(0.0396)
0.129***
(0.0407)
0.0228
(0.0482)
0.0902**
(0.0359)
0.0468
(0.0367)
0.104***
(0.0375)
Vegetable Crops Dummy 0.0536
(0.119)
0.0434
(0.0892)
0.0955
(0.0906)
0.0662
(0.0924)
0.0665
(0.117)
0.0968
(0.0874)
0.157*
(0.0895)
0.109
(0.0905)
Fruit Crops Dummy -0.0431
(0.0615)
0.0784*
(0.0459)
-0.0435
(0.0464)
0.120**
(0.0480)
-0.00720
(0.0540)
0.0579
(0.0402)
-0.0354
(0.0410)
0.0791*
(0.0422)
Hardwood Dummy -0.0995*
(0.0536)
-0.00978
(0.0401)
-0.0573
(0.0407)
-0.0412
(0.0414)
-0.0915*
(0.0524)
-0.0142
(0.0391)
-0.0534
(0.0400)
-0.0494
(0.0406)
Constant 0.433***
(0.0542)
0.465**
(0.235)
0.917***
(0.0418)
0.174
(0.176)
0.221***
(0.0403)
0.0909
(0.177)
0.863***
(0.0434)
0.771***
(0.186)
0.419***
(0.0521)
0.421*
(0.231)
0.913***
(0.0399)
0.162
(0.172)
0.201***
(0.0387)
0.0608
(0.174)
0.882***
(0.0415)
0.830***
(0.184)
Village Fixed Eects NO YES NO YES NO YES NO YES NO YES NO YES NO YES NO YES
Observations 511 506 511 506 511 506 511 506 544 539 544 539 544 539 544 539
Number of Household id 292 289 292 289 292 289 292 289 300 298 300 298 300 298 300 298
R-squared 0.0537 0.115 0.0317 0.104 0.0373 0.0983 0.00193 0.0593 0.0543 0.119 0.0327 0.108 0.0249 0.0862 0.00508 0.0519
Hausman test 0.0217 0.0918 0.259 0.0276 0.535 0.715 0.258 0.185 0.0089 0.0404 0.1715 0.0025 0.8552 0.5539 0.2606 0.6690
Estimation is based on Random-Eects models. Standard errors are in parentheses. ***, **, and * signify statistical signicance at the 1%, 5% and 10% level, respectively. Training dummy is instrumented by lottery (invitation) result.
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tion. However, column 3 shows that poorer training participants, tend to communicate
more with people who did not go to the training at all. They are also found to meet more
agricultural networks frequently, once every one or two days (column 4). Unfortunately,
training participants from these income group do not signicantly increase contact with
agricultural specialists.
Connections with bridging ties, namely professional trainers and contact farmers from
dierent district and inter-island, are shown in Table 35. Training participants on average
maintain personal contact with trainers and selected prominent farmers they met during
pilot farm visit. This relation is absent for poorer training participants though. It is either
the poorer participants were reluctant to establish contact with these bridging ties, or the
bridging ties who were hesitant to approach the poorer participants during the course of
farm visit.
Though poorer participants seem to have increased the size and depth of agri-
cultural network and richer training participants appear to have enlarged their
network outreach, the latter is found to stop communicating with their agricul-
tural informants whowent to the dierent training group, hence not supporting
the ninth hypothesis. Poorer training participants, who often are more marginalized
and having less opportunity to improve their formal knowledge may have experienced
changes in their mindset and attitude after the training. Upon returning, they are more
likely to be pro-active in information gathering thus the signicant increase in their
network size relative to their richer counterparts. On the contrary, richer training par-
ticipants seems likely to value new information more than the poor, making them less
enthusiastic to exchange information with their network.
6.6.4 Eects of Network Centrality on Agroforestry Index
Eects of network centrality on agroforestry practices are observed in Table 36. Previ-
ously, chapter 4 and chapter 5 show evidence that farmers who occupy the central posi-
tion in their local network structures tend to possess better problem solving skill ability
and higher likelihood to be an early adopter.
In this chapter however, the result indicates that the eects of centrality are dierent
across income groups. Table 36 column 1 and 2 show that richer farmers with higher
degree centrality tend to reduce agroforestry index by both category and diversity by 1.6
and 1.8 points respectively; as opposed to poorer farmers with the higher degree central-
ity who appear to increase the index by category and diversity by 1.3 and 2.2 respectively.
Furthermore, column 6 shows that the highest possible betweenness centrality score for
poorer farmers is associated with higher diversity index by 3.8 points.
Degree-centrality, which represents one’s popularity in their local network, is found to
encourage poorer farmers to cultivate more crops due to strong enforcement from their
locale. Betweenness-centrality, a proxy to control information ow which examine how
many times a node is located between other nodes, is also found to have positive asso-
ciation to higher diversity for poorer farmers. Serving as an intermediary between two
nodes can interrupt information ow between them, making the middlemen at advan-
tage to obtain information from both nodes.
Even though Cook et al. (1983) demonstrates that centrality is not necessarily the index of
power, this study shows that degree-centrality is identied to signicantly increase poor
farmers’ agricultural composition in their farmland. Agricultural diversication strategy
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Table 34: Eect of training on the size of social networks of poorer vs richer farmers
Only for Training Participants All Farmers
Variables Number of
agricultural
informants
who went
to the same
training
location
Number of
agricultural
informants
who went
to the dier-
ent training
location
Number of
source of
agricultural
informants
who did not
go to the
training1
Number of
frequent
agricultural
information
source2
Knowing ex-
tension agent
and having
frequent
contact3,4
(1) (2) (3) (4) (5)
Training * Post 2013 * Low Income 0.00636
(0.148)
0.2750
(0.1800)
1.0850**
(0.531)
1.760***
(0.619)
0.1610
(0.1120)
Training * Post 2013 -0.00315
(0.113)
-0.397***
(0.137)
-0.1600
(0.404)
-0.8630
(0.549)
0.0422
(0.0984)
Training Dummy * Low Income 0.09350
(0.135)
-0.2200
(0.185)
-2.055***
(0.452)
-1.0520
(0.652)
-0.310***
(0.106)
Training Dummy (= 1 if Yes) 0.6330
(0.5240)
0.137*
(0.0824)
Low Income (= 1 if Yes) -0.4940*
(0.278)
0.0694
(0.0492)
Year of 2013 0.2610**
(0.104)
-0.4450*
(0.258)
-0.0692
(0.0427)
Year of 2014 -0.244***
(0.0857)
-1.597***
(0.306)
-3.244***
(0.260)
Constant 0.517***
(0.0953)
1.000***
(0.130)
4.767***
(0.318)
3.456***
(0.253)
0.197***
(0.0413)
Observations 357 357 357 899 622
Number of Household id 119 119 119 311 311
R-Squared 0.0282 0.0191 0.139 0.238 0.0123
P value of Hausman test 0.9931 0.000 0.000 0.6278 1.000
1(May or may not be farmers)
2(Meet at least once every 1 or 2 days)
3(Have contact at least once every 2 weeks, = 1 if Yes)
4(Only available in 2012 and 2013)
Estimation is based on Random-Eects models. Standard errors are in parentheses. ***, **, and * signify statistical signicance at the 1%,
5% and 10% level, respectively. Training dummy is instrumented by lottery (invitation) result.
may be perceived dierently between the richer and poorer households. Farmers who
hold the most central position are usually wealthier and more educated. After the train-
ing, the richer farmers especially those with higher degree-centrality degree may nd
that diversication does not align with their farming strategy, thus they specialize by sig-
nicantly reducing the number of crops. On the contrary, poorer farmers in general may
nd that diversication can provide them with much stable income. Poorer farmers with
higher degree-centrality and betweenness-centrality degree are found to signicantly di-
versify more of their crops. After the training, richer participants with higher cen-
trality tend to specialize while poorer participants with higher centrality appear
to diversify, thus the tenth hypothesis is only partially supported.
6.6.5 Information Spillover from Training Participants to Non-training Participants on
Agroforestry Index
Eects of information spillover from training participants to non-training participants on
agroforestry practices are exhibited in Table 37. Column 2 and 4 demonstrate that having
more ties with training participants who belong to low income category are associated
with signicant increase in agroforestry index (by diversity) for farmers in general, while
column 5 and 7 report that training participants in general even drive signicant inu-
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Table 35: Eect of training on the size of bridging ties between poorer and richer farmers
All Farmers Training Participants
Variables Knowing
professional
trainers from
ICCRI1,2
Knowing
prominent
farmers in
inter-island
training
location1,2
Knowing
prominent
farmers in
intra-island
training
location1,2
Knowing
professional
trainers from
ICCRI1,2
Knowing
prominent
farmers in
inter-island
training
location1,2
Knowing
prominent
farmers in
intra-island
training
location1,2
(1) (2) (3) (4) (5) (6)
Training * Post 2013 * Low Income -0.101
(0.0707)
-0.0697
(0.0431)
-0.0626
(0.0463)
-0.0707
(0.0909)
-0.0538
(0.0542)
-0.0626
(0.0662)
Training * Post 2013 0.440***
(0.0624)
0.123***
(0.0382)
0.183***
(0.0409)
0.450***
(0.0639)
0.123***
(0.0383)
0.183***
(0.0465)
Training Dummy * Low Income 0.0098
(0.0611)
0.00065
(0.0369)
0.0000
(0.04000)
-0.000
(0.0641)
-0.000
(0.0380)
0.0000
(0.0467)
Training Dummy (= 1 if Yes) -0.0053
(0.0274)
-0.00035
(0.0290)
-0.000
(0.0314)
0.000
(0.04520)
-0.000
(0.02670)
0.000
(0.03290)
Low Income (= 1 if Yes) -0.00771
(0.0274)
-0.000508
(0.0166)
-0.0000
(0.01800)
Year of 2013 0.0329
(0.0274)
-0.000508
(0.0166)
-0.000
(0.0179)
Constant 0.00398
(0.0238)
0.000262
(0.0144)
0.0000
(0.01560)
Observations 612 609 612 237 234 237
Number of Household id 311 311 311 119 119 119
R-Squared 0.307 0.0627 0.133 0.267 0.0590 0.0898
P-value of Hausman test 1.000 1.000 1.000 1.000 1.000 1.000
1(= 1 if Yes)
2(Only available in 2012 and 2013)
Estimation is based on Random-Eects models. Standard errors are in parentheses. ***, **, and * signify statistical signicance at the 1%,
5% and 10% level, respectively. Training dummy is instrumented by lottery (invitation) result.
ence to non-training participants on agroforestry index (by category).
Training participants in general appear to successfully promote agroforestry
practices to non-participants, suggesting the eleventh hypothesis to be partially
supported. Poorer training participants are also found to drive spillover on all farmers
in general, but not to non-training participants. Upon returning from the training, all
training participants regardless of income group may have become more open-minded,
thus becoming more enthusiastic to enlarge their network size by communicating more
with their peers. These changes in their communication trends may lead to stronger in-
formation spillover particularly to non-training participants, stirring them to have higher
chances to practice more agroforestry.
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Table 36: Eects of Participants’ Centrality on Agroforestry Index by Income Category
Variables By Cate-
gory
By Diver-
sity
By Cate-
gory
By Diver-
sity
By Cate-
gory
By Diver-
sity
(1) (2) (3) (4) (5) (6)
Degree*Training*Post2013 -1.616** -1.848*
(0.776) (1.002)
Degree*Training*Post2013*Poor 1.313 2.118**
(0.803) (1.032)
Degree ∗ Training ∗ Post2013 2.005 2.485
(1.419) (1.949)
Degree ∗ Training ∗ Post2013 ∗ Poor -1.770 -0.815
(1.295) (1.769)
Degree Centrality -0.728 -0.475
(0.552) (0.750)
Degree Centrality 0.0237 -0.570
(0.378) (0.485)
Closeness*Training*Post2013 -0.758 -1.100
(0.748) (0.989)
Closeness*Training*Post2013*Poor 0.295 0.524
(0.528) (0.648)
Closeness ∗ Training ∗ Post2013 0.403 0.0636
(1.126) (1.575)
Closeness ∗ Training ∗ Post2013 ∗ Poor 0.0232 0.854
(0.824) (1.109)
Closeness Centrality -0.104 -0.147
(0.675) (0.902)
Closeness Centrality 0.114 0.0939
(0.337) (0.450)
Betweenness*Training*Post2013 -1.067 -1.811
(1.152) (1.503)
Betweenness*Training*Post2013*Poor 2.702 3.851*
(1.662) (2.157)
Betweenness ∗ Training ∗ Post2013 1.942 4.800*
(1.967) (2.635)
Betweenness ∗ Training ∗ Post2013 ∗ Poor -4.652 -2.375
(2.922) (3.927)
Betweenness Centrality -0.645 -2.086
(1.046) (1.398)
Betweenness Centrality -0.662 -0.891
(0.716) (0.933)
Training*Post2013 0.0107 0.00865 0.0977 0.269 -0.186 -0.143
(0.222) (0.286) (0.410) (0.544) (0.181) (0.237)
Poor (= 1 if Yes) -0.235** -0.402** -0.283** -0.484*** -0.221** -0.329**
(0.112) (0.158) (0.126) (0.183) (0.103) (0.141)
Age of HH head 0.0107 0.0168 0.00910 0.0135 0.0110 0.0179
(0.00990) (0.0128) (0.0101) (0.0129) (0.00976) (0.0128)
Years of education of HH head 0.00108 0.0334 2.36e-05 0.0325 0.00358 0.0352
(0.0319) (0.0413) (0.0328) (0.0420) (0.0316) (0.0413)
ROSCA (= 1 if Yes) 0.0154 0.417 0.215 0.496 0.0960 0.498
(0.301) (0.426) (0.290) (0.422) (0.299) (0.410)
Log of Cultivated Farmland 0.0858 0.157 0.0858 0.136 0.0804 0.153
(0.0852) (0.110) (0.0877) (0.111) (0.0841) (0.110)
Age of HH Head -0.0130 -0.0118 -0.0107 -0.00561 -0.0132 -0.0119
(0.0108) (0.0142) (0.0111) (0.0145) (0.0107) (0.0141)
Years of Education of HH Head -0.0143 -0.0335 -0.0184 -0.0327 -0.0178 -0.0317
(0.0353) (0.0465) (0.0363) (0.0477) (0.0350) (0.0462)
Log of Cultivated Farmland 0.188* 0.358** 0.197* 0.373** 0.196* 0.371**
(0.113) (0.152) (0.119) (0.161) (0.113) (0.151)
Constant 2.752*** 2.909*** 2.392*** 2.440*** 2.544*** 2.632***
(0.446) (0.631) (0.496) (0.705) (0.420) (0.576)
Observations 688 688 646 646 688 688
Number of hhid 294 294 279 279 294 294
R-squared 0.123 0.143 0.117 0.130 0.126 0.156
Estimation is based on Correlated Random Eects Instrumental Variable model. Standard errors are in parentheses. ***, **, and * signify
statistical signicance at the 1%, 5%, and 10% level, respectively. All training dummy variables are instrumented by all lottery (invitation)
result variables. Year Dummy and its mean variables are included but not reported for brevity.
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Table 37: Information spillover from training participants to non-training participants by income group
Variables All Farmers Non Training Participants
Index By
Category
Index By
Diversity
Index By
Category
Index By
Diversity
Index By
Category
Index By
Diversity
Index By
Category
Index By
Diversity
(1) (2) (3) (4) (5) (6) (7) (8)
No of Information Source who are Training Participants *
Post2013
0.0150
(0.0104)
0.0490
(0.0479)
0.0140
(0.0105)
0.0480
(0.0483)
0.0260**
(0.0132)
0.0170
(0.0576)
0.0250*
(0.0134)
0.0154
(0.0584)
No of Information Source who are Training Participants -0.0130*
(0.00778)
-0.0404
(0.0375)
-0.00929
(0.00811)
-0.0477
(0.0386)
-0.0189**
(0.00924)
-0.0255
(0.0420)
-0.0140
(0.00970)
-0.0299
(0.0437)
No of Information Source who are Training Participants and
Belong to Low Income Category * Post 2013
-0.00881
(0.0131)
0.115*
(0.0594)
-0.00909
(0.0132)
0.119**
(0.0597)
-0.00867
(0.0157)
0.0985
(0.0667)
-0.00810
(0.0158)
0.0998
(0.0675)
No of Information Source who are Training Participants and
Belong to Low Income Category
0.0117
(0.0105)
-0.00977
(0.0500)
0.00942
(0.0106)
-0.0124
(0.0506)
0.00763
(0.0125)
0.0134
(0.0567)
0.00695
(0.0126)
-0.00232
(0.0574)
Training * Post 2013 * Low Income 0.0321
(0.0441)
-0.239
(0.192)
0.0307
(0.0441)
-0.233
(0.193)
Training * Low Income (1 = Yes) -0.0401
(0.0386)
0.558***
(0.214)
-0.0491
(0.0389)
0.585***
(0.215)
Training * Post 2013 -0.0605*
(0.0356)
0.145
(0.154)
-0.0582
(0.0356)
0.150
(0.155)
Training (1 = Yes) 0.0633**
(0.0307)
-0.402**
(0.165)
0.0668**
(0.0308)
-0.433***
(0.166)
Low Income (1 = Yes) 0.000734
(0.0177)
-0.262**
(0.110)
0.0113
(0.0182)
-0.308***
(0.112)
-0.00243
(0.0204)
-0.148
(0.112)
0.00838
(0.0208)
-0.178
(0.113)
Year of 2013 0.0210
(0.0198)
-0.140
(0.0888)
0.0231
(0.0200)
-0.141
(0.0898)
0.00590
(0.0226)
-0.0348
(0.0962)
0.00971
(0.0228)
-0.0288
(0.0977)
Year of 2014 0.0269
(0.0188)
-0.326***
(0.0835)
0.0278
(0.0188)
-0.323***
(0.0842)
0.00357
(0.0211)
-0.222**
(0.0894)
0.00393
(0.0212)
-0.210**
(0.0904)
Constant 0.0227
(0.0429)
-0.0166
(0.242)
0.0176
(0.0514)
0.339
(0.295)
0.0808
(0.0531)
-0.424
(0.277)
0.106*
(0.0642)
-0.00469
(0.339)
Category Dummy YES YES YES YES YES YES YES YES
Village Fixed-Eects NO NO YES YES NO NO YES YES
Observations 899 899 898 898 549 549 548 548
Number of hhid 311 311 310 310 192 192 191 191
R-squared 0.101 0.0930 0.154 0.144 0.0993 0.0921 0.171 0.147
P-value of Hausman test 0.7388 0.8654 0.8437 0.9111 0.3834 0.7233 0.5980 0.7556
Estimation is based on Random-Eects Instrumental Variable models. Standard errors are in parentheses. ***, **, and * signify statistical signicance at the 1%, 5% and 10% level, respectively. All training dummy is instrumented by
all lottery (invitation) result. No of information sources who are training participants are instrumented with no of information sources who are selected to participate according to lottery result. Age and years of education of household
head as well as cultivated farmland (in Log) are included but not reported for brevity.
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6.6.6 Eects of Agroforestry upon Income Smoothing
Farmers’ average produce sold annually is reported in Table 38. Evidence is found that af-
ter the training, poorer training participants have signicantly increased their production
of leguminous and industrial crops (column 2 and 3). I later conrmed with the income
report in Table 39, which shows that poorer farmers indeed have increased their income
for leguminous crops (column 3) and even their total farm income in general (column
1). This is contrast with training participants in general who reported a decline in in-
come for the same commodity. It could possibly that higher-income training participants
have stopped cultivating leguminous crops but done more intensication of other crops
instead.
Table 38: Eects of training on agricultural produce sold (in Kg)
Log of Produce Sold
Variables (1) (2) (3) (4) (5) (6) (7)
Cereal
Crops
Leguminous
Crops
Industrial
Crops
Spice
Crops
Vegetable
Crops
Fruit
Crops
Hardwood
Training * Post 2013 * Low Income 0.613
(0.429)
0.436*
(0.236)
0.814*
(0.488)
-0.0173
(0.501)
0.0729
(0.196)
1.020
(0.629)
0.0867
(0.120)
Training * Post 2013 -0.561
(0.379)
-0.641***
(0.209)
-0.997**
(0.432)
0.0633
(0.443)
0.0165
(0.174)
-0.908
(0.557)
-0.0219
(0.106)
Training Dummy * Low Income -0.497
(0.460)
-0.261
(0.246)
-0.0442
(0.553)
0.260
(0.563)
-0.0194
(0.212)
-1.251
(0.778)
-0.00276
(0.114)
Training Dummy (= 1 if Yes) -0.170
(0.367)
0.465**
(0.197)
0.377
(0.438)
-0.257
(0.447)
0.204
(0.169)
1.227**
(0.610)
0.00519
(0.0925)
Low Income (= 1 if Yes) -0.0893
(0.202)
-0.0801
(0.105)
-1.375***
(0.250)
-1.213***
(0.254)
0.0122
(0.0935)
-1.159***
(0.366)
0.00517
(0.0452)
Year of 2013 0.138
(0.179)
-0.0759
(0.0986)
0.267
(0.204)
0.617***
(0.209)
-0.00190
(0.0820)
2.089***
(0.263)
0.104**
(0.0500)
Year of 2014 -0.0267
(0.179)
-0.0324
(0.0983)
-0.154
(0.203)
-0.314
(0.209)
-0.0823
(0.0817)
2.208***
(0.262)
0.00660
(0.0498)
Constant 0.405
(0.318)
0.0637
(0.167)
6.500***
(0.390)
2.195***
(0.396)
0.207
(0.147)
3.775***
(0.565)
0.0255
(0.0734)
Village Fixed Eects YES YES YES YES YES YES YES
Observations 926 926 926 926 926 926 926
Number of Household id 311 311 311 311 311 311 311
R-squared 0.103 0.0580 0.150 0.213 0.0223 0.255 0.0317
P-value of Hausman test 0.9993 0.0039 0.8167 0.9106 0.9953 0.1892 0.9980
Estimation is based on Random-Eects models. Standard errors are in parentheses. ***, **, and * signify statistical signicance at the 1%,
5% and 10% level, respectively. All training dummy is instrumented by all lottery (invitation) result. Village dummies are not shown for
brevity.
Table 40 examines the correlation of agroforestry on income vulnerability. Column 1
to 8 show that crop diversication has signicantly negative association on farm income
variation. This indicates that for each addition of commodity, the income variation be-
comes smaller. However, as agroforestry variables are used in the previous sections as a
dependent variable, it may be endogenous. A dummy on agroforestry is constructed as
having cultivated more than 1 crop in the farmland, which still shows strong negative
eects on income variance.
The income report shows that diversication is relevant to help poorer farm-
ers stabilize their farm income, which is consistent with the twelveth hypothe-
sis. In the previous sections evidences are found that poorer training participants tend
to keep the number of crop category or increase the crop diversity after returning from
training. Deeper examinations discover that the poor may have signicantly produced
more of legume and industrial crops, and they also signicantly increase their farm in-
come post-training relative to the rich. With less diversity, the income decreased for the
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Table 39: Eects of training on income from dierent commodities
Log of Income
Variables (1) (2) (3) (4) (5) (6) (7) (8)
Total
Farm
Income
Cereal
Crops
Leguminous
Crops
Industrial
Crops
Spice
Crops
Vegetable
Crops
Fruit
Crops
Hardwood
Training * Post 2013 * Low Income 1.307***
(0.245)
1.229
(0.925)
1.360**
(0.610)
0.598
(1.039)
-1.439
(1.520)
0.130
(0.393)
1.803
(1.208)
0.269
(0.415)
Training * Post 2013 -0.695***
(0.28)
-1.169
(0.818)
-1.726***
(0.540)
-0.859
(0.919)
1.674
(1.344)
0.0113
(0.347)
-1.287
(1.068)
-0.206
(0.367)
Training Dummy * Low Income -1.033***
(0.266)
-1.149
(1.014)
-0.817
(0.649)
0.820
(1.243)
1.397
(1.797)
-0.0199
(0.421)
-1.810
(1.492)
-0.0986
(0.393)
Training Dummy (= 1 if Yes) 0.576***
(0.211)
-0.443
(0.807)
1.400***
(0.519)
0.344
(0.979)
-1.144
(1.417)
0.417
(0.337)
1.903
(1.170)
-0.0559
(0.320)
Low Income (= 1 if Yes) -1.056***
(0.120)
0.0173
(0.450)
-0.215
(0.283)
-2.564***
(0.577)
-3.292***
(0.830)
0.0243
(0.185)
-2.146***
(0.702)
0.0985
(0.157)
Year of 2013 -0.104
(0.103)
0.401
(0.386)
-0.178
(0.255)
-0.436
(0.434)
1.686***
(0.635)
-0.00949
(0.164)
3.508***
(0.505)
0.394**
(0.173)
Year of 2014 -0.0730
(0.106)
-0.0424
(0.385)
-0.213
(0.254)
-0.222
(0.433)
0.596
(0.633)
-0.166
(0.164)
3.943***
(0.503)
0.0887
(0.173)
Constant 16.73***
(0.183)
0.495
(0.706)
0.166
(0.446)
16.69***
(0.894)
6.305***
(1.287)
0.413
(0.291)
8.075***
(1.084)
0.0249
(0.254)
Village Fixed Eects YES YES YES YES YES YES YES YES
Observations 853 926 926 926 926 926 926 926
Number of Household id 309 311 311 311 311 311 311 311
R-squared 0.325 0.110 0.0722 0.125 0.152 0.0216 0.248 0.0239
Hausman test 0.0002 0.8641 0.0363 0.9786 0.9965 0.0040 0.2670 0.9954
Estimation is based on Random-Eects Instrumental Variable models. Standard errors are in parentheses. ***, **, and * signify statistical
signicance at the 1%, 5% and 10% level, respectively. All training dummy is instrumented by all lottery (invitation) result. Village dummies
are not shown for brevity.
rich while it increases for the poor, because: (1) Crop specialization takes longer to grow,
(2) As the poor kept number of crops relative to the rich, the poor may have beneted
from lower supply in the market in the short term.
This section concludes that agroforestry is found to be relevant for the poorer house-
holds to increase their farm income and stabilize their earnings, and training is an appro-
priate strategy to spread awareness regarding agroforestry practices.
6.7 discussions and policy implications
This chapter aims to investigate the impact of institutionalized training on the adoption
and perceived benets of agroforestry practices particularly dierentiating between the
poorer and higher income farmers. To see the adoption mechanism, various social net-
work ties amongst training participants as well as interaction with peers and experts re-
sulting from the training are examined. Farmers’ structural properties in their local farm-
ing community is also incorporated in the analysis, in addition to the training spillover
from participants to non-participants upon returning from the training. The highlights
of this chapter are as follow:
First, dierent attitudes on agroforestry are identied between poorer and
richer training participants.Richer training participants in general are found to reduce
their number of crops in their farmland upon returning from the training, in contrast to
their poorer counterparts who increase crop diversity or keep crop category. Training par-
ticipants coming from below-median farm income are probably the most beneted from
the agroforestry training program, because agroforestry practices help stabilize their in-
come. The results suggest that the poor tend to be more diversied in terms of crop di-
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Table 40: Eects of agroforestry on farm income Coecient of Variation (CV)
CV of Farm Income Log of CV of Farm Income
Variables (1) (2) (3) (4) (5) (6) (7) (8)
Agroforestry Index -3.861***
(1.237)
-3.001**
(1.273)
-0.156***
(0.0463)
-0.132***
(0.0479)
Agroforestry Dummy (= 1 if
having more than 1 crop type)
-11.66***
(3.934)
-8.495**
(4.028)
-0.401**
(0.163)
-0.287*
(0.166)
Year of 2012 -1.096
(2.905)
-2.227
(2.899)
0.547
(2.998)
-0.158
(3.022)
-0.0367
(0.108)
-0.0712
(0.104)
0.0115
(0.112)
-0.00582
(0.108)
Year of 2013 1.527
(2.932)
0.340
(2.918)
1.707
(3.026)
0.836
(3.006)
0.0585
(0.109)
0.00965
(0.109)
0.0414
(0.114)
0.00178
(0.112)
Age of Household Head 0.364***
(0.131)
0.376***
(0.131)
0.00673
(0.00493)
0.00719
(0.00574)
Years of Education of House-
hold Head
-0.288
(0.414)
-0.279
(0.393)
0.00940
(0.0155)
0.00977
(0.0152)
Log of Cattle Value 0.193
(0.207)
0.170
(0.207)
0.00407
(0.00780)
0.00298
(0.00700)
Household Member -3.363***
(0.952)
-3.339***
(0.968)
-0.116***
(0.0360)
-0.116***
(0.0363)
Native1 -3.833
(5.332)
-3.312
(5.817)
-0.161
(0.199)
-0.148
(0.178)
Second Generation Migrant1 -0.926
(3.014)
-0.665
(2.941)
-0.0441
(0.113)
-0.0371
(0.105)
Constant 80.52***
(5.880)
82.31***
(6.341)
75.24***
(11.40)
75.41***
(11.45)
1.608***
(0.219)
1.612***
(0.262)
1.570***
(0.427)
1.504***
(0.509)
Village Fixed Eects YES YES YES YES YES YES YES YES
Observations 909 909 865 865 903 903 859 859
R-squared 0.110 0.111 0.137 0.137 0.068 0.066 0.081 0.078
1(= 1 if Yes)
Results are based on Pooled-OLS estimation. Robust standard errors are in parentheses. ***, **, and * signify statistical signicance at the
1%, 5% and 10% level, respectively.
versity or tend to keep the crop category in their limited farmland. Post-training, poorer
farmers may think that cultivating main cash crop is not sucient, because: (1) crops are
harvested after several months; (2) yields may not be as high due to limited land size and
intensive management required; and (3) market uncertainty. Poorer farmers may look
for options to diversify their cropping systems and to increase incomes, and training has
helped them to achieve the objectives. This nding may challenge Grannall (1995) who
posits that low-educated farmers may feel threaten by formal training.
On contrary, general training participants may learn from the training that the com-
modities they had in the farmland are not suitable environmentally and nancially, thus
reducing crop diversity or replace it with other commodities. Some with relatively larger
farmland may opt to concentrate on main cash-crops instead due to some considerations
they weigh from the training.
The results may also indicate that larger farms are generally more diversied than
smaller farms to begin with (see Culas and Mahendrarajah, 2005), but the training has
probably helped the poorer to achieve the optimum level of diversication to protect them
from risks. They may nd the right recommendation and knowledge from the training
thus implemented the techniques in their farmland upon returning from the training.
Second, perceivedmerits of agroforestrymay dier between richer and poorer
farmers; the former tends to see its environmental benets while the latter em-
phasizes on economic merits. While higher income farmers tend to reduce crop di-
versication after the training (in contrast to lower income farmers), they still testify
agroforestry benets despite reducing it. The results found that richer farmers may have
conrmed the ecological benets that are both theoretical and technical, while poorer
farmers may have conrmed the economic benet that is practical. From a policy point
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of view, agriculture technology adoption for the poor may be advisable to emphasize the
economic gains more than the environmental merits
Third, the change in the poor’s attitude on farming practicesmay be primarily
driven by the increase in their size and depth of social network ties. The poorer
trained farmers may have stronger motivation than the average training participants in
general, as they tend to increase communication frequency with their peers, except with
fellow farmers who went to the training. This signicant increase in their depth and size
of network may have propelled adoption of crop diversity. The nding is in line with
Kilpatrick and Rosenblatt (1998), who posit that farmers who solicit information from
peers tend to belong to lower socio-economic status and smaller farms. Burkhardt (1994)
argues that the individuals with whom a person interacts directly inuence beliefs about
personal mastery, but attitudes and behaviors are more aected by structurally equivalent
co-workers. In this case, interaction with peers may potentially be a stronger driver to
perform more diversication. However, richer participants behave dierently, as they
tend to limit information exchange with their network upon returning from the training,
because they tend to value new information more than the poor.
Fourth, poorer training participants who are inuential in their locale, or be-
ing in the "central" position tend to diversify more upon returning from the
training. This indicates the possibility that agroforestry may be aligned with the poor
farm management strategy as their smaller farmland size encourages them to diversify
for more stable income. However, I found that is not the case for the richer training
participants, as the more inuential people tend to specialize because they are endowed
with much larger farms. Poorer training participants with higher centrality scores may
have obtained strong inuence from their network that enables them to nally adopt
agroforestry practices. That reinforcement, altogether with the correct knowledge they
obtain from the training may have helped them to consider more diversication in their
farmland.
Fifth, all training participants in general are found to signicantly diuse
knowledge regarding agroforestry practices to non-training participants. The
training experience may have stimulated them to be more enthusiastic in knowledge
gathering activities with their peers, thus positively inuencing their non-trained coun-
terparts to practice more diversication. Spillover from poorer training participants to
all farmers in general is also identied. Poorer training participants who often lack the
opportunity to access formal training may also have experienced signicant changes in
their attitudes related to farming and even personal development.
Sixth, with less diversity, the income decreased for the rich while it increases
for the poor, particularly for leguminous crops. This is because: (1) Crop specializa-
tion takes longer to grow; (2) As the poor kept diversity relative to the rich, the poor may
have beneted from lower supply in the market, signicantly increasing their farm in-
come in the short term. Leguminous trees complement and increase farm prot level, and
are probably the most ecient in terms of cost-benet, to be adopted by poor farmers.
More evidence are found that poorer training participants tend to produce more of legu-
minous and industrial crops (probably as a strategy to stabilize their income), resulting
in signicant upsurge in their aggregate farm income. Dercon and Krishnan (1996) found
that in Tanzania and Ethiopia, the poor typically enter into activities with low entry costs
for income smoothing. In the context of Indonesian rural households, leguminous and in-
dustrial crops may be perceived as low cost and risk, but with decent returns. Legume and
industrial crops can serve as food, shades trees, while providing benecial environmen-
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tal benets at the same time, hence preferred by poorer farmers. Future development
programs on sustainability should consider variation to distinguish farmers according
to socio-economic characteristics while using low-cost, community-based dissemination
approaches.
All in all, diversication may advance household welfare particularly for low
income farmers, as it helps to reduce incomevulnerabilities.However, agroforestry
examined in this chapter may not generate a reduced deforestation, as I have limitation
in incorporating ecological and biophysical criteria of the surveyed sample. I also believe
many excesses following agroforestry adoption that aect income remains uncaptured in
this study, amongst them are the provision of fodder, fuelwood, and medicinal purposes
that are dicult to appraise monetarily. These provisions, which also could be obtained
from leguminous produce, can diversify farmers’ farm income thus reducing vulnerabil-
ities.
7
C O N C L U S I O N
7.1 summary of findings
This dissertation tries to address the missing links between the role of formal extension
services in the form of institutionalized training and informal social network in the form
of rural network with peers and neighbors upon information dissemination and tech-
nology adoption. The primary objective of this dissertation is to provide experimental
evidence that exposing randomly selected farmers to institutionalized agricultural train-
ing can elevate agricultural knowledge as well as promote technology adoption due to the
strengthened social network resulting from the training experience. To serve the purpose,
social experiment is carried out with dierent training environments that can generate
dierent learning experience. These experiences can hypothetically be reected in the
diusion and adoption behavior. The study context of Indonesian rural households and
the details of the experiment has been explained in Chapter III; while three empirical
studies stemmed from the experiments have been explored in Chapter IV to VI.
Chapter IV elucidates several ndings, that network ties to agricultural informants
and network structures within farmers’ local neighborhood might determine farmers’
ability for information gathering. In this chapter I examine the role of various network
ties, including friendship network and advice network, upon farmers’ knowledge acqui-
sition ability during formal agricultural training. I also examine how farmers’ position in
their local network structures inuence their knowledge gathering skill. I found that the
numbers of ties positively contributes to knowledge acquisition to some extent; and that
farmers who occupy a central position in their network structures in the neighborhood
show better learning outcomes. This is an indication that one’s position in their local
network may be very important in driving learning outcomes than simply having more
ties.
Chapter V provides the evidence of the role of institutionalized training in strengthen-
ing farmers’ network, which tend to be reected in farmers’ technology adoption. I ad-
ministered institutionalized training in varying locations (in farmers’ hometown and in
remote locations comprise intra-island and inter-island locations) to investigate the eect
of social learning on agricultural technology adoption. Regardless of the locations, par-
ticipants received the same training. The chapter highlights that the training may have
helped to increase knowledge of better farming practices and that training held in an
inter-island location may have signicantly spurred the adoption of water-conservation
techniques. I also found that farmers trained in an inter-island location tend to com-
municate more frequently with their peers and experts upon returning from training,
which induces their propensity to adopt the technology. Farmers’ centrality properties
are found to have inuenced their knowledge gathering ability especially for the complex
agricultural training. The chapter concludes that training spillover from participants to
non-participants is likely to be detected, resulting in the diusion of agricultural tech-
niques even though it has yet to propel adoption for the non-participants.
Chapter VI examines the eectiveness of institutionalized agricultural training in pro-
moting agroforestry to reduce income vulnerabilities. Here I distinguished between poorer
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and higher income farmers to see agroforestry system’s relevance to the poor, their ability
to adopt, and the ultimate economic outcomes of adoption. I found that after the training,
the poorer farmers tend to keep their number of crops or diversify, which is signicantly
contributed by leguminous and industrial crops. After the training, the poor are also likely
to increase the depth and size of social network with their peers and agricultural special-
ists. Training spillover is also signicantly stronger for the poorer participants compared
to their richer counterparts. Impact evaluation assessments also show that crop diversi-
cation appears to be negatively associated with income vulnerabilities, indicating the
program’s relevance and benets for poverty reduction.
This whole dissertation provides an evidence, that at the beginning, formal institutions,
be it agricultural training such as the one studied in this research or institutionalized
extension services, may play important roles to raise awareness regarding agricultural
practices. Nevertheless, for a faster dissemination strategy, informal social network may
help hasten the information diusion amongst farmers. As new technologies need en-
couragements from many parties in order to be fully embraced by the society, informal
rural network serves as the primary enforcer for technology adoption.
Deeper analysis also show that not only training has helped farmers to broaden their
knowledge and advance their farming practices, it is also found to have developed farm-
ers’ capacity both at personal-level and community-level. Upon returning from the train-
ing, trained farmers are observed to become more enthusiastic in information gathering,
as well as play active part in their community as indicated by the stronger network cen-
trality measures.
7.2 limitation of this study
Randomized trials do two things that are very rare among other designs: if conducted
rigorously, they yield an estimate of the eect that is unbiased and consistent (Shadish
et al., 2008; Mackenzie and Grossman, 2005). The strength of the RCT rests on its excellent
internal validity, which is based largely on the power of randomisation to ensure that
the only dierence between two treatment groups is their exposure to the treatment of
interest (Booth and Tannock, 2014).
While much attention has been drawn to the assessment and reporting of the internal
validity of trials, less attention is given to their external validity. Criticism on RCTs rou-
tinely involves its limitation on external validity, or generalizability when implemented
in other treatment setting. In order to be generally useful, the result of a trial must also
be relevant to universal practice, i.e. be reasonably likely to be replicated when applied
to a denable group of people in a particular treatment setting.
RCT conducted in this study may be internally valid in the context of rural Indonesian
households, as it involves rigorous analysis to control for bias with considerable number
of observation as well as the availability of panel data. Even though it may be possible to
replicate this trial design elsewhere, the intervention may not necessarily yield the same
result if conducted in other population. Interventions such as the ones conducted in this
study tend to interact with many factors as cultural, socio-economical, and geographical
level which may be dierent across population.
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7.3 policy recommendations
Finally, I present several policy recommendations that are loosely based on the main nd-
ings of this dissertation. The results of these studies are expected to attract the attention
of professionals and policymakers who are interested in program designs and implemen-
tation promoting agricultural technology in the developing countries and who may want
to consider the eects of social interaction and social capital as key determinants for in-
novation dissemination. For scholars, these studies can serve as additional evidence to
prove the importance of social interactions in modelling the complexity of diusion of
innovation phenomena.
1. Institutionalized training directed to smallholders-farmers could be a cost-
eective measure to disseminate agricultural information and propel tech-
nology adoption to some extent
Depending on the complexity of agricultural techniques, training may be able to
successfully promote the adoption of technology within the short or medium time-
line. Agricultural training is not necessarily be resource- and cost-intensive like
Farmers Field School or Training and Visit Extension, but the knowledge or in-
formation disseminated should be very specic and highly relevant to farmers.
The potential benets of technology should also be communicated to the potential
adopters, as farmers may not be willing to embrace it entirely due to uncertainty,
risk, and costs that are attached to it. Furthermore, for the adoption to be embraced
quickly, the merits and benets that come from implementation of such technology
should also possibly be experienced within the short or medium timeline –which
is another challenge for promotion of technology adoption.
2. Agricultural training should put more emphasis on knowledge facilitation
and diusion amongst participants and consider the potential spillover to
non-training participants.
Interaction with multiple sources may be required to ’prompt’ change in farmers’
mindset and practices, and emotional connections may be necessary for change to
occur (Kilpatrick, 2002). Farmers who solicit information from peers tend to belong
to lower socio-economic status and smaller farms (Kilpatrick and Rosenblatt, 1998),
while farmers with higher level of formal education are more likely to participate in
further training and interact more with experts (Kilpatrick, 1996). For agricultural
training to be successful, interaction with peers and experts should be encouraged
as that may cause positive spillover upon knowledge transfer (Tessmer and Richey,
1997). Also, farmers will seem to work harder and more motivated when they work
with friends who were more diligent than themselves (Kato and Shu, 2008), and the
presence of friends might generate contagious enthusiasm or incentives to compete
(Katz and Earl, 2010).
3. Agricultural training or participatoryworkshop should provide special pro-
vision in the program to enable participants to interact with each other,
discuss, and exchange ideas i.e. networking session.
In the context of participatory workshop or agricultural training, social learning
could be triggered when dierent stakeholders meet and engage with one another
during program activities, and occurs when a change is manifested within the di-
mensions of those in attendance at the session (Muro and Jerey, 2008; Reed et al.,
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2010). While innovation adoption behavior requires reinforcement from multiple
parties in the household (Centola, 2010), interaction with multiple sources may
also be required to ’prompt’ change in farmers’ mindset and practices. Emotional
connections may also be necessary for change to occur (Kilpatrick, 2002). Future
training program should be advisable to incorporate a special interactive session
for the exchange of ideas amongst participants to be able to get to know each other
personally.
4. Conducive learning environment during agricultural training should not
be neglected, and this can emerge through engaging programs involving
eld trips to more advanced places.
Studies on varying learning environment, especially involving farmers’ eld-trips
are not much explored. Results from this study indicates that study trip to more
advanced location which are relevant to the training content is found to improve
motivation (Ricci and Holland, 1992; Hong et al., 1995), which will eventually af-
fect farmers’ attitudes to improve current practices. Field trip features embedded
in remote-location training can motivate participants (Shinew and Backman, 1995).
Training motivation theory postulates that motivation to learn has a direct eect
on learning outcomes, which includes aective (i.e. satisfaction indicators) and cog-
nitive outcomes (knowledge) (Colquitt et al., 2000). Even though further research
may be needed to examine linkages between learning environment, knowledge ac-
quisition, and satisfaction indicators, designing training programs with study trips
incorporated can be one way to gauge participants’ internal and external motiva-
tion. Study trips may not necessarily be in the most remote location, as visit to
dierent district or to the nearest more developed places may be sucient to im-
prove training experience.
5. Government and extension agencies should undertake more eorts to in-
volve farmers as much as possible in formal or informal activities to stim-
ulate them to adopt sustainable farming practices.
Evidence provided by the study suggests that persuasion, social inuence, and com-
petition are signicant inuences in the decisions of farmers. Local government
should periodically conduct a competition across villages regarding better farm-
ing practices that are initially introduced by extension services. As farming group
prevails in disseminating knowledge within the neighborhood, competition should
encourage collaboration and cooperation amongst members and even across dier-
ent farmers group. Incentives should be given to those groups who succeed to work
in collaboration with others.
6. Governmentmay have to pushmore "armative actions" especially target-
ing farmers with below-median farm income category for poverty eradica-
tion strategy.
As most existing government intervention program is participatory in nature, there
is a need to identify the poorest of the intended program target to encourage
poverty eradication in many forms. Future development programs, especially on
sustainability should consider variation to distinguish farmers according to socio-
economic characteristics while using low-cost, community-based dissemination ap-
proaches. As perceived benets are an initial pre-requisite for potential adoption,
economic benets should be emphasized for these target groups.
7.3 policy recommendations 107
7. Formore eective information dissemination strategy, future development
program may be advised to approach more inuential people in the com-
munity. People who tend to occupy the central position in the community appear
to be more inuential and popular. Their voice tend to be heard and considered
by the people inside their community. For future programs to promote knowledge
and adoption, selecting few contact farmers to help spread the information and
adoption are advisable for more cost-eective dissemination strategy in the rural
area.
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Part I
A P P E N D I X

A
A D D I T I O N A L A N A LY S I S
a.1 effects of training on centrality measures
a.1.1 Overview
Institutionalized agricultural training is found to have altered farmers’ communication
patterns both within their local community and in their personal-level, as indicated in
Chapter 5 and Chapter 6. Changes are manifested both in terms of size and depth of
farmers’ social network. This additional part aims to see whether such eects present in
shaping farmers’ structural position in their local community.
Upon returning from the training program, participants are presumed to be more
knowledgeable and experienced relative to their non-participating peers. These knowl-
edge improvement may have transformed the way training participants are regarded in
their local community. Training participants may have become more inuential after the
training.
As centrality measures have been used as independent variables in the previous regres-
sion analysis, this section intends to employ centrality as dependent variables.
a.1.2 Estimation Strategy
To examine the eects of agricultural training on network centrality, two models are em-
ployed. Both incorporate location-heterogeneity eects as well as income-factors. These
models are as follow:
1. Eects of Training on Centrality Measures (with Location Heterogeneity)
Centralityi,t = α+β1Trainingi,t ∗Post2013+β2Trainingi,t ∗Post2013∗Locationl+
β3Post2013+β4Trainingi,t +β5Trainingi,t ∗ Locationl + ui +wi,t
where i is the household head in year t. In Estimation 1, the dependent variable is
various centrality measures, consist of out-degree centrality, out-closeness centrality,
and betweenness centrality. The independent variable is the interaction term between
the training participation dummy and the year of post-2013, which aims to reveal the
post-training eects on centrality, and the interaction term of the training participation
dummy, the year of post-2013 and location l dummy (hometown, intra-island, and inter-
island), whose purpose is to examine the impact of location heterogeneity.
2. Eects of Training on Centrality Measures (according to Income Category)
Centralityi,t = α+β1Ti,t ∗Y+β2Ti,t+β3Ti,t ∗Y ∗LowIncome+β4Ti,t ∗LowIncome+
β5LowIncome+β6Y + ui +wi,t
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where i is the household head in year t. In Estimation 2, similarly with Estimation
1, the dependent variable is various centrality measures, namely out-degree centrality,
out-closeness centrality, and betweenness centrality. The independent variable is the in-
teraction term between the training participation dummy (T ) and the year of post-2013
(Y), to see the post-training eects upon centrality. I also construct the same interaction
term for poorer farmers (LowIncome), to observe whether poorer trained participants
behave dierently.
a.1.3 Result
1. Eects of Training on Centrality Measures (with Location Heterogeneity)
Table 41 exhibits training eects upon various centrality measures. Column 2 indicates
that when location heterogeneity is taking into account, training participants are more
likely to increase their degree-centrality scores upon returning from the training. More-
over, column 5 and 6 show that training participants are more likely to increase their
betweenness centrality scores upon returning, suggesting that they may have become
the bridge of information (or gatekeeper of knowledge) within their local community.
An individual with high betweenness centrality have a large inuence on the transfer
of items through the network. One of major ndings of this research is that agricultural
training is found to primarily increase participants’ knowledge. This result provides an-
other evidence that the increase in network has led to better structural position in farm-
ers’ local community. Training does not necessarily make one more inuential in their
farming community, but enables one to become the bridge of knowledge transfer in the
community.
Table 41: The eects of training on centrality measures
Variables Out-degree Centrality Out-closeness Centrality Betweenness Centrality
(1) (2) (3) (4) (5) (6)
Training * Post 2013 0.0222
(0.0232)
0.0753**
(0.0319)
-0.0380
(0.158)
0.0541
(0.218)
0.0326**
(0.0150)
0.0399*
(0.0206)
Training (1 = Yes) 0.0244
(0.0243)
-0.0158
(0.0347)
-0.0485
(0.137)
-0.0989
(0.194)
0.00178
(0.0154)
0.00517
(0.0219)
Training * Post 2013 * Intra-
island
-0.116***
(0.0404)
-0.16800
(0.27800)
-0.0287
(0.0261)
Training*Post 2013*Inter-
island
-0.04950
(0.0390)
-0.1130
(0.26600)
0.00522
(0.0252)
Intra-island Training (1 =
Yes)
0.0721*
(0.0438)
0.0726
(0.249)
-0.00268
(0.0277)
Inter-island Training (1 =
Yes)
0.0514
(0.0426)
0.0806
(0.238)
-0.00714
(0.0269)
Year of 2013 -0.0544***
(0.0142)
-0.0543***
(0.0142)
-0.000835
(0.0950)
-0.00181
(0.0951)
-0.00805
(0.00918)
-0.00802
(0.00915)
Year of 2014 -0.105***
(0.0146)
-0.105***
(0.0146)
0.0629
(0.0978)
0.0622
(0.0979)
0.00359
(0.00946)
0.00364
(0.00944)
Constant 0.372***
(0.0302)
0.370***
(0.0307)
0.585***
(0.143)
0.581***
(0.145)
0.0368*
(0.0189)
0.0354*
(0.0192)
Village Dummy YES YES YES YES YES YES
Observations 734 734 692 692 734 734
Number of hhid 297 297 282 282 297 297
R-Squared 0.225 0.225 0.0193 0.0197 0.0901 0.0925
Estimation is based on Random-Eects models. Standard errors are in parentheses. ***, **, and * signify statistical signicance at the 1%,
5% and 10% level, respectively. All training dummy is instrumented by all lottery (invitation) result.
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2. Eects of Training on Centrality Measures (by Income Group)
Evidence on the eects of training by income category on participants’ structural po-
sition in their locale is shown in Table 42. Similarly, column 5 and 6 suggest that training
participants in general are more likely to increase their betweenness centrality scores
upon returning from the training. However, such eects are absent for participants com-
ing from low income group, who tend to weaken their betweenness centrality power. As
it takes many factors to be inuential in one’s local network (i.e. wealth, social status, and
education), this result nds that knowledge possession may make one more centralized
in the community. Training has provide a platform for its participants to increase their
prominence in their local neighborhood due to increased knowledge.
Table 42: The eects of training on centrality measures (by income category)
Variables Out-degree Centrality Out-closeness Centrality Betweenness Centrality
(1) (2) (3) (4) (5) (6)
Training*Post 2013 0.00797
(0.0276)
0.00901
(0.0276)
-0.0153
(0.193)
-0.0328
(0.194)
0.0507***
(0.0178)
0.050200***
(0.017900)
Training (1 = Yes) 0.00686
(0.0354)
0.0272
(0.0324)
0.0440
(0.182)
0.0663
(0.183)
-0.0143
(0.0211)
-0.00136
(0.0207)
Training*Post 2013*Low In-
come
0.0381
(0.0326)
0.0300
(0.0326)
-0.00404
(0.221)
-0.00002
(0.2230)
-0.0391*
(0.0210)
-0.0384*
(0.0211)
Training*Low Income -0.0279
(0.0472)
-0.0184
(0.0429)
-0.16500
(0.23200)
-0.22400
(0.23500)
0.00889
(0.0281)
0.00493
(0.0274)
Low Income (1 = Yes) -0.0543**
(0.0236)
-0.0664***
(0.0213)
0.08080
(0.100)
0.11600
(0.104)
-0.0215
(0.0138)
-0.0213
(0.0135)
Year of 2013 -0.0535***
(0.0141)
-0.0536***
(0.0141)
-0.00640
(0.0939)
-0.00331
(0.0950)
-0.00890
(0.00907)
-0.00771
(0.00914)
Year of 2014 -0.104***
(0.0146)
-0.105***
(0.0146)
0.0578
(0.0969)
0.0606
(0.0978)
0.00401
(0.00938)
0.00380
(0.00942)
Constant 0.330***
(0.0190)
0.408***
(0.0319)
0.537***
(0.0913)
0.516***
(0.156)
0.0760***
(0.0113)
0.0476**
(0.0202)
Village Dummy NO YES NO YES NO YES
Observations 736 734 694 692 736 734
Number of hhid 297 297 282 282 297 297
R-Squared 0.0798 0.261 0.00233 0.0208 0.0303 0.112
Estimation is based on Random-Eects models. Standard errors are in parentheses. ***, **, and * signify statistical signicance at the 1%,
5% and 10% level, respectively. All training dummy is instrumented by all lottery (invitation) result.
a.2 information flows across farmers group
a.2.1 Overview
This part seeks to understand how information and knowledge transfer across farmers
group. In this research, amongst the existing 36 farmers group, I only examined 16 farmers
groups which become the main object of the analysis. In 2014, a question is administered
to the leader of the farmers group, whether they know any of the members coming from
the dierent group. "Knowing" should be mutual, so if they mention they know a member
of other group, that person should have known them too. Interviewer prompt each of the
group’s name, village name, as well as the group leader’s name to obtain personal network
of the group leader. The answer from the group leader serves as the representative of the
group’s network coverage. Unfortunately this data only covers 2014 time period (or one
year after the training), making the training eect dicult to estimate.
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a.2.2 Relationship Across Farmers Groups
Figure 14 depicts the ties across groups, showing the directions of communication (in
arrows), while gure 15 present ties in circled network. The group name starting with
"1" indicates that they are located in Sumberejo sub-district, while those starting with "2"
species that they belong to Pulau Panggung sub-district.
Figure 14 and Figure 15 shows that group no. 11, 25, and 27 know at least one member
from all of the group, showing that these groups may be inuential and becoming the
main information source amongst all farmers groups observed in the study area.
Figure 14: Network ties across all farmers groups (with arrows)
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Figure 15: Network ties across all farmers groups (in circle)
a.2.3 Descriptive Statistics of Farmers Groups’ Characteristics
Summary statistics of farmers groups’ characteristics are depicted in Table 44. For each of
the variable, average value of group members’ characteristics are obtained. An Ordinary
Least Square (OLS) regression is employed to see the associations between these basic
characteristics and the centrality values. The regression result is presented in Table 43.
Column 1,2,4, and 5 generally show that the size of group is positively associated with
the degree- and closeness-centrality measures. Group which has many members tend to
have higher propensity to be inuential amongst the community, because the size can
be associated with the ability to reach more networks. However, when it comes to the
determinants of being the information gatekeeper, mobile device and motorbike become
an important factor driving betweenness centrality. Group with higher share of mobile
or motorbike users are more likely to bridge information transfer across groups due to
the aid from these devices.
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Table 43: Correlations between group characteristics and centrality measures
Variables Out-degree
Centrality
Out-
closeness
Centrality
Betweenness
Centrality
Out-degree
Centrality
Out-
closeness
Centrality
Betweenness
Centrality
(1) (2) (3) (4) (5) (6)
No of mobile phone -0.00455
(0.223)
0.0279
(0.15100)
0.0359**
(0.0118)
No of motorbike -0.12300
(0.20200)
-0.0622
(0.138)
0.0282*
(0.0126)
No of member 0.0163*
(0.00804)
0.0117*
(0.00544)
-0.000789
(0.000427)
0.0165*
(0.00785)
0.0118*
(0.00538)
-0.000745
(0.000491)
Years of Education -0.0187
(0.0533)
-0.0160
(0.0361)
-0.00536*
(0.00283)
-0.0196
(0.0405)
-0.0119
(0.0278)
0.00009
(0.00253)
Cultivated Farmland 0.0184
(0.177)
0.0421
(0.120)
-0.000295
(0.00939)
0.0210
(0.122)
0.0265
(0.0838)
-0.0204**
(0.00765)
Log of Farm Income 0.1090
(0.107)
0.0643
(0.0722)
0.00479
(0.00567)
0.1150
(0.100)
0.0715
(0.0686)
0.00846
(0.00626)
Native -1.3290
(1.0920)
-0.9670
(0.7380)
-0.0273
(0.0580)
-0.8050
(1.2820)
-0.6280
(0.8780)
-0.06430
(0.0801)
Share of Training Par-
ticipants
-0.4210
(0.4130)
-0.2980
(0.2790)
0.0401
(0.0219)
-0.4900
(0.3960)
-0.3520
(0.2710)
0.0333
(0.0247)
Constant -0.9090
(1.5230)
-0.2180
(1.0300)
-0.0750
(0.0809)
-0.8290
(1.4720)
-0.2140
(1.0070)
-0.1350
(0.0920)
Observations 16 16 16 16 16 16
R-squared 0.495 0.525 0.738 0.517 0.535 0.653
Estimation is based on Ordinary Least Square (OLS) methods. Standard errors are in parentheses. ***, **, and * signify statistical signi-
cance at the 1%, 5% and 10% level, respectively.
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Table 44: Summary statistics of farmers group’s basic characteristics in 2014
Group Id a N Member Out-degree
Centrality
Out-
closeness
Centrality
Betweenness
Centrality
Average
Years of
Education
Average
Age of
House-
hold
Head
Average
Cultivated
Farm (in
Ha)
Average
Log of
Farm
Income
Average
No of
Mobile
Phone
Average
No of
Motorbike
Average
Share of
Native
Average
Share of
Second
Gener-
ation
Migrant
Average
Share of
Training
Partici-
pant
11 20 1.000 1.000 0.032 8.142 43.840 0.99 16.27 1.8 1.45 0 0.65 0.25
12 23 0.867 0.882 0.032 8.180 53.270 1.12 17.116 1.91 1.826 0.13 0.65 0.521
13 10 0.733 0.789 0.032 9.63 45.6 1.000 16.22 2 1.3 0 1 0.3
14 20 0.533 0.682 0.022 9.830 46.500 1.06 16.04 2.25 1.85 0.1 0.8 0.35
15 19 0.800 0.833 0.025 7.200 47.680 0.465 14.95 1.78 1.42 0.105 0.57 0.421
17 18 0.733 0.789 0.015 6.500 41.000 0.55 15.24 1.611 1.55 0.05 0.83 0.277
18 15 0.667 0.750 0.017 9.454 48.640 0.8 15.51 1.73 1.46 0 0.2 0.46
21 29 0.800 0.833 0.012 7.350 48.960 1.12 15.99 1.62 1.58 0.06 0.413 0.48
23 23 0.933 0.938 0.008 7.420 45.700 1.312 15.94 1.3 1.13 0 0.608 0.565
24 17 0.533 0.682 0.014 7.125 41.200 1.62 16.05 1.47 1.941 0.117 0.76 0.35
25 34 1.000 1.000 0.002 9.330 49.840 1.63 16.23 1.58 1.55 0.117 0.44 0.5
26 24 0.733 0.789 0.002 9.000 48.750 0.947 16.15 1.66 1.2 0.041 0.666 0.37
27 15 1.000 1.000 0.009 9.500 46.920 1.57 16.89 2.13 1.8 0.06 0.666 0.066
28 25 0.867 0.882 0.004 7.570 40.040 1.031 16.29 1.36 1.44 0.08 0.64 0.36
29 7 0.667 0.750 0.001 9.000 44.500 1.29 16.15 1.28 0.857 0 1 0.28
211 12 0.933 0.938 0.002 11.050 44.250 2.6 17.36 1.583 1.833 0.083 0.667 0.083
a group Id 16 and 22 had to be dropped because the members were mostly either no longer active, no longer cultivating coee or cocoa, or unavailable as a group.
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a.3 network plots of all farmers groups across years
Finally, this section concludes with information regarding farmers groups’ network struc-
tures across the years.
Figure 16: Network structure in 2012, 2013, and 2014 (Group Code 11)
Figure 17: Network structure in 2012, 2013, and 2014 (Group Code 12)
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Figure 18: Network structure in 2012, 2013, and 2014 (Group Code 13)
Figure 19: Network structure in 2012, 2013, and 2014 (Group Code 14)
Figure 20: Network structure in 2012, 2013, and 2014 (Group Code 15)
Figure 21: Network structure in 2012, 2013, and 2014 (Group Code 17)
Figure 22: Network structure in 2012, 2013, and 2014 (Group Code 18)
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Figure 23: Network structure in 2012, 2013, and 2014 (Group Code 21)
Figure 24: Network structure in 2012, 2013, and 2014 (Group Code 23)
Figure 25: Network structure in 2012, 2013, and 2014 (Group Code 24)
Figure 26: Network structure in 2012, 2013, and 2014 (Group Code 25)
Figure 27: Network structure in 2012, 2013, and 2014 (Group Code 26)
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Figure 28: Network structure in 2012, 2013, and 2014 (Group Code 27)
Figure 29: Network structure in 2012, 2013, and 2014 (Group Code 28)
Figure 30: Network structure in 2012, 2013, and 2014 (Group Code 29)
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Figure 31: Network structure in 2012, 2013, and 2014 (Group Code 211)
B
A D D I T I O N A L R E G R E S S I O N
b.1 effects of personal network on normalized test scores
b.1.1 Overview
This part serves as additionality to check the robustness of test scores as dependent vari-
ables and various network types as independent variables as studied in Chapter 4. I utilize
the normalized version of test scores as dependent variables, which are constructed as
the value of test scores divided by its standard deviation.
Estimation strategy and variables constructions are identical with those examined in
Chapter 4.
b.1.2 Result
1. Eect of personal network on learning eectiveness
Table 45 column 1 to 3 present regression results of the inuence of personal network
on test scores for the case of Coee farmers. For the case of coee farmers, I found that
for every peers- and expert- (ocial) advice network a farmer participant has, the test-
score post-training will likely to be higher by 0.11 points and 0.06 points out of 10 points
respectively. Conversely, having one friend from the same farmers group joining the
training, farmers’ score will be likely to drop by 0.02 points. Coee farmers having more
friendship ties also have lower score by 0.04 points to begin with, indicating the negative
eects of social ties on learning performance. In general, farmers having association with
government agents also seem to have lower scores before the training by 0.11 points even
though the score increments are signicantly higher post-training.
Results for Cocoa farmers are reported in columns 4 to 6. For every peers- and government-
advice network farmers have, the coecient post-training is lower by 0.007 points and
0.16 points respectively. And for every friendship ties, the coecient will drop by 0.05
points. At the beginning, it may seem that peers-advice network and friendship network
have negative association with learning performance. However, in column 4 and 5, the
coecient on friendship network and peer-advice network are positive and signicant by
0.013 and 0.05 points respectively, meaning that the scores of farmers who have more of
this network were higher from the beginning. Farmers with more peers- and friendship-
networks may possibly know the cocoa production better relative to others; hence the
increment on the score from the training is smaller than others with fewer networks. On
the other hand, farmers with less of these networks learned a lot more from the training
because they didn’t know it well before. Cocoa is newer, so people don’t know it as much
as coee, but those with more networks know it better before the training.
The results presented here are similar with the results obtained in Chapter 4 before
the scores are normalized.
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Table 45: Eects of network ties on normalized test scores
Coee Score (if Coee Farmers = 1) Cocoa Score (if Cocoa Farmers = 1)
Variables (1) (2) (3) (4) (5) (6)
Time*Friendship Network -0.0197***
(0.00219)
-0.0538***
(0.000210)
Time*Advice Network (Peers) 0.112***
(0.00118)
-0.00729***
(0.000157)
Time*Advice Network (Ocial) 0.0605***
(0.00142)
-0.163***
(0.000108)
Friendship Network -0.0391***
(0.00337)
0.0132***
(0.00410)
Advice Network (Peers) -0.0171
(0.0202)
0.0493***
(0.00384)
Advice Network (Ocial) -0.113**
(0.0486)
-0.0252
(0.0164)
Time (= 1 if Post-lecture) 1.006***
(0.0230)
0.523***
(0.0188)
0.891***
(0.0159)
0.814***
(0.00262)
0.645***
(0.00136)
0.721***
(0.000432)
Years of Experience of Coee Farm-
ers
0.000623
(0.00147)
0.000415*
(0.000244)
0.00226
(0.00184)
Years of Experience of Cocoa Farm-
ers
0.00683**
(0.00323)
0.00602**
(0.00267)
0.0100***
(0.00387)
Years of Education of Household
Head
0.0323
(0.0301)
0.0330
(0.0297)
0.0390
(0.0308)
0.0692***
(0.00525)
0.0627***
(0.00200)
0.0727***
(0.000283)
Cultivated Farmland1 -0.000256
(0.157)
0.0196
(0.130)
-0.0402
(0.167)
-0.128
(0.0829)
-0.0967
(0.0714)
-0.174***
(0.0544)
Possession of Motorbike2 0.415***
(0.0425)
0.363***
(0.0795)
0.450***
(0.0247)
-0.0594
(0.359)
0.0263
(0.423)
-0.0672
(0.384)
Possession of Mobile Phone2 -0.283**
(0.125)
-0.233**
(0.112)
-0.18000
(0.146)
-0.0377
(0.0510)
0.0871
(0.0705)
0.0496
(0.0923)
Living Nearby Extension Agents3 0.19700*
(0.117)
0.225**
(0.0983)
0.242**
(0.115)
-0.20400
(0.155)
-0.15000
(0.121)
-0.130
(0.0986)
Trained Outside Hometown2 -0.16300
(0.278)
-0.0931
(0.247)
-0.13600
(0.279)
-0.123**
(0.0621)
-0.133**
(0.0618)
-0.169***
(0.0405)
No. of Extension Agents Present
During Training
0.10800
(0.134)
0.11300
(0.119)
0.0992
(0.136)
0.00443
(0.0106)
0.0312**
(0.0124)
0.000280
(0.00527)
Constant 0.51600
(0.849)
0.33700
(0.862)
0.32900
(0.875)
3.935***
(0.148)
3.468***
(0.160)
3.964***
(0.130)
Observations 174 174 174 174 131 129
Number of year 2 2 2 2 2 2
R-squared 0.295 0.323 0.296 0.347 0.220 0.246
1(in Ha)
2(=1 if Yes)
3(within 15mins walking distance)
Results are based on Random-Eects estimation. Clustered robust standard errors are in parentheses. ***, **, and * signify statistical signicance
at the 1%, 5% and 10% level, respectively.
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2. Eect of network position on learning eectiveness (only if farmers mention any member
in their farmers group as agricultural advice network)
In Table 46, after taking account the normalized test scores, I found that all three net-
work variables, namely degree-, closeness-, and betweenness-centrality are strongly cor-
related with higher test-scores for both coee and cocoa farmers respectively. The highest
possible closeness- and degree- centrality score attained is 1 if farmers practically men-
tion everyone in their farmers group as source of agricultural advice. After the training,
farmers who were close to all people in their group and listed everyone as sources of
advice, tend to obtain 1.3 points and 1.6 points higher respectively for coee farmers,
and 0.5 points and 0.04 points for cocoa farmers. The results are similar with the ones
presented in Chapter 4.
Table 46: Eects of network position in farmers group on normalized test scores (only for farmers
who mentioned any group members as advice network)
Coee Score (if Coee Farmers = 1) Cocoa Score (if Cocoa Farmers = 1)
Variables (1) (2) (3) (4) (5) (6)
Time*Closeness Centrality 0.50500**
(0.224)
0.296***
(0.000235)
Time*Out-degree Centrality 0.645***
(0.154)
0.0273***
(0.000609)
Time*Betweenness Centrality 1.551***
(0.0758)
0.717***
(0.00512)
Closeness Centrality 1.581***
(0.278)
0.596***
(0.00655)
Out-Degree Centrality 0.537***
(0.192)
0.558***
(0.00466)
Betweenness Centrality -0.306***
(0.0435)
1.406***
(0.358)
Time 0.717***
(0.141)
0.806***
(0.0652)
0.896***
(0.0263)
0.483***
(0.00184)
0.636***
(0.00209)
0.600***
(0.00179)
Years of Experience of Coee Farm-
ers
0.000474
(0.00143)
0.00100
(0.000995)
0.00312**
(0.00136)
Years of Experience of Cocoa Farm-
ers
0.00321
(0.00198)
0.00376***
(0.00130)
0.00572
(0.00436)
Years of Education of Household
Head
0.0256
(0.0353)
0.0235
(0.0337)
0.0278
(0.0314)
0.0410***
(0.00700)
0.0376***
(0.00455)
0.0391***
(0.0106)
Cultivated Farmland1 -0.000360
(0.226)
-0.0124
(0.227)
-0.0158
(0.235)
-0.175**
(0.0724)
-0.182**
(0.0744)
-0.217***
(0.0492)
Possession of Motorbike2 0.535***
(0.0127)
0.526***
(0.00533)
0.501***
(0.000746)
-0.18700
(0.37500)
-0.19100
(0.39100)
-0.24500
(0.38100)
Possession of Mobile Phone2 -0.326**
(0.134)
-0.267**
(0.112)
-0.16800
(0.10300)
0.173***
(0.0481)
0.185***
(0.0478)
0.0772***
(0.0133)
Living Nearby Extension Agents3 0.233***
(0.0777)
0.239***
(0.0886)
0.268**
(0.110)
-0.0835
(0.0875)
-0.102
(0.0920)
-0.246*
(0.144)
Trained Outside Hometown2 -0.12700
(0.27000)
-0.10300
(0.27800)
-0.0711
(0.269)
-0.0922*
(0.0496)
-0.0957**
(0.0450)
-0.0417
(0.0753)
No. of Extension Agents Present
During Training
0.0581
(0.182)
0.0664
(0.181)
0.0665
(0.177)
0.00250
(0.0102)
0.00643
(0.0106)
0.0156
(0.0152)
Constant -0.18600
(1.26800)
0.41100
(1.20900)
0.42200
(1.15100)
3.958***
(0.180)
4.122***
(0.183)
4.282***
(0.195)
Observations 150 150 150 111 111 111
Number of year 2 2 2 2 2 2
R-squared 0.332 0.325 0.313 0.240 0.245 0.267
1(in Ha)
2(=1 if Yes)
3(within 15mins walking distance)
Results are based on Random-Eects estimation. Clustered robust standard errors are in parentheses. ***, **, and * signify statistical signicance
at the 1%, 5% and 10% level, respectively.
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R E G R E S S I O N F I T P L O T
c.1 overwiew
This part presents the selected regression t plot of all the regression result in Chapter 4,
5, and 6. I use the main independent variables i.e. training variable or network centrality
and the independent variable to construct the regression t plot.
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Figure 32: Regression t plot of personal network on test scores (Coee)
Figure 33: Regression t plot of personal network on test scores (Cocoa)
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Figure 34: Regression t plot of network structural position on test scores (Coee)
Figure 35: Regression t plot of network structural position on test scores (Cocoa)
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Figure 36: Regression t plot of training variables on adopting water conservation technique
Figure 37: Regression t plot of closeness centrality on technology diusion and adoption
bibliography 145
Figure 38: Regression t plot of network with training participant on chemical fertilizer usage
Figure 39: Regression t plot of training variable on agroforestry index by category
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Figure 40: Regression t plot of training variable on agroforestry index by diversity
Figure 41: Regression t plot of training variable on perceived benets of agroforestry
bibliography 147
Figure 42: Regression t plot of training variable on size and depth of social network
Figure 43: Regression t plot of degree centrality on agroforestry index
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Figure 44: Regression t plot of network with training participants on agroforestry index by cat-
egory
Figure 45: Regression t plot of network with training participants on agroforestry index by di-
versity
bibliography 149
Figure 46: Regression t plot of agroforestry index on coecient of variation
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Kebijakan Pengembangan Kopi
PEMERINTAH KABUPATEN GARUTDINAS PERKEBUNAN
Jalan Pembangunan Nomor 181 Garut
perkebunan@garutkab.go.id
KOPI DI KABUPATEN GARUT
PENANAMAN KOPI DI PASUNDAN DILAKUKAN SEJAK TAHUN 1720 MELALUI SISTEM PREANGER STELSEL(Jan Breman 2010)
KOPI YANG DIHASILKAN DIKENAL SEBAGAIPREANGER KOFFIE
WILAYAH PENANAMAN TERUTAMA BERADA DI WILAYAH PRIANGAN
PENYEBARAN DAN VARIETAS
TERSEBAR DI 27 KECAMATAN , YAITU : CIKAJANG, CISOMPET, CISEWU, SAMARANG, SUKARESMI, TALEGONG, PASIRWANGI, CISURUPAN, CARINGIN, CIGEDUG, CILAWU, BUNGBULANG, BAYONGBONG, MALANGBONG, KARANGPAWITAN, SUKAWENING, KARANGTENGAH, BANJARWANGI, PEUNDEUY, PAMULIHAN, PAKENJENG, CIHURIP, LELES, KADUNGORA, SELAAWI, CIKELET DAN GARUT KOTA
VARIETAS YANG DITANAM:ROBUSTA DAN ARABIKA 
LUAS PENANAMAN  3.516 HEKTAR DENGAN PRODUKSI DAN PRODUKTIVITAS MENCAPAI 1.685TON DAN 0,92 TON/HEKTAR(Data Statistik Perkebunan 2012) 
LUAS TANAMAN DAN PRODUKSI
TAHUN LUAS AREAL PRODUKSI(TON)TBM TM TT/TR JUMLAH
2008 721 641 185 1.547 508,00
2009 1.092 833 185 2.110 670,00
2010 1.376 1.785 275 3.436 1.592,00
2011 1.379 1.777 335 3.491 1.635,00
2012 1.354 1.827 335 3.516 1.685,00
DATA 5 TAHUN TERAKHIR MENUNJUKAN TREN PENINGKATAN AREAL PERTANAMAN 
MENUNJUKKAN TINGGINYA ANIMO MASYARAKAT UNTUK MEMBUDIDAYAKAN KOPI
PROSPEK KOMODITI KOPI
 BERDASARKAN KEBIJAKAN PENGEMBANGAN KOMODITIPERKEBUNAN, TANAMAN KOPI MERUPAKAN SALAH SATUKOMODITI PERKEBUNAN YANG MENDAPAT PERHATIAN UNTUKDIINTENSIFKAN DALAM PENGEMBANGANNYA.
 ADA 2 (DUA) JENIS TANAMAN KOPI YANG MEMILIKI NILAI EKONOMISCUKUP TINGGI, YAITU : ARABIKA DAN ROBUSTA.
 KOPI ARABIKA DIPASARAN DUNIA DIBEDAKAN MENJADI 3 (TIGA)KELOMPOK YAITU :
1). KOPI ARABIKA BIASA/KOMERSIAL (REGULAR/COMMERCIAL),2). KOPI SPESIALTI (SPESIALTY) DAN3). KOPI ORGANIK
 KOPI SPESIALTI MERUPAKAN JENIS KOPI YANG TERBAIKCITARASANYA DAN MEMPUNYAI CITARASA BERSIFAT KHAS,KARENA ITU PASARANNYA JUGA KHUSUS
PROSPEK KOMODITI KOPI
 PANGSA PASAR KOPI SPESIALTI MASIH TERBUKA, TERUTAMADENGAN BERGESERNYA KONSUMEN KOPI BIASA KE KOPISPESIALTI, HAL INI MERUPAKAN PROSPEK YANG SANGAT BAIKUNTUK PENGEMBANGAN TANAMAN KOPI.
 KOPI ARABIKA SPESIALTI DARI INDONESIA SAAT INI ANTARA LAIN :
1. MANDAILING COFFEE
2. LINTONG COFFEE
3. GAYO MOUNTAIN COFFEE
4. JAVA ARABIKA COFFEE
5. BALI COFFEE
6. TORAJA KALOSI COFFEE
 UNTUK PENGEMBANGAN KOPI ROBUSTA MASIH TERBATAS PADALAHAN-LAHAN DATARAN RENDAH SAMPAI SEDANG YANGMEMPUNYAI KETINGGIAN 0 - 600 METER DI ATAS PERMUKAANLAUT.
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PERMASALAHAN
 RENDAHNYA TINGKAT PRODUKTIVITAS DAN PRODUKSI DAN PRODUKSIKOPI DISEBABKAN KARENA KEBANYAKAN DIUSAHAKAN OLEHPERKEBUNAN RAKYAT SECARA TUMPANGSARI DAN BELUMMENERAPKAN TEKNIK BUDIDAYA TANAMAN KOPI SESUAI DENGANANJURAN TEKNIS, KESADARAN PETANI AKAN BENIH UNGGULBERMUTU MASIH RENDAH, TANAMAN KOPI SUDAH TUA / RUSAK DANMENINGKATNYASERANGAN HAMA / PENYAKIT TANAMAN.
 SEBAGIAN BESAR KOMODITI KOPI, BARU DIOLAH DALAM BENTUK BIJIKOPI BERASAN, SEDANGKAN PENGOLAHAN PRODUK HILIRNYA BELUMDILAKUKAN SECARA INTENSIF, SEHINGGA PELUANG UNTUKMEMPEROLEH NILAI TAMBAH (ADDED VALUE) SERTA PENCIPTAANLAPANGAN PEKERJAAN DI PEDESAAN KURANG OPTIMAL.
 KOMODITI KOPI MEMBERIKAN KONTRIBUSI LAPANGAN KERJA BAGISEKITAR 6.536 KK DI KABUPATEN GARUT DAN MAMPU MENDORONGPERKEMBANGAN EKONOMI WILAYAH TERSEBUT.
DUKUNGAN KEBIJAKAN
 KEBIJAKAN PENINGKATAN PRODUKTIVITAS DAN MUTU KOMODITI KOPI.KEBIJAKAN INI SECARA LANGSUNG MELAKSANAKAN KEGIATAN ATAU PILOTPROJECT TERHADAP BERBAGAI USAHA PENINGKATAN PRODUKTIVITAS DANMUTU KOMODITI KOPI.
 PENINGKATAN EKSPOR DAN NILAI TAMBAH KOPI.
KEBIJAKAN INI DIMAKSUDKAN AGAR PRODUKSI KOPI TIDAK LAGI BERUPABAHAN MENTAH (GREEN BEAN) TAPI DALAM BENTUK HASIL OLAHAN DENGANMUTU YANG DIKEHENDAKI KONSUMEN, SEHINGGA AKAN DIPEROLEH NILAITAMBAH DI DALAM NEGERI DAN EKSPOR.
 DUKUNGAN PENYEDIAAN PEMBIAYAAN.
KEBIJAKAN INI DIMAKSUDKAN UNTUK MEMFASILITASI SUMBER PEMBIAYAANYANG SESUAI UNTUK PENGEMBANGAN KOPI, BAIK YANG BERASAL DARILEMBAGAPERBANKANMAUPUN NON BANK.
DUKUNGAN KEBIJAKAN
 PEMBERDAYAAN PETANI.
◊ PENUMBUHAN DAN PENGUATAN KELEMBAGAANUSAHA TANI.
◊ PELATIHAN DAN PENDAMPINGAN UNTUK MENINGKATKAN KEMAMPUANPETANI DAN KELOMPOK TANI DALAM PEMANFAATAN PELUANG BISNIS.
◊ MENUMBUHKAN DAN MENGEMBANGKAN KEMITRAUSAHAAN.
Terima kasih
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